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Description 
Technical Field 

s [0001] This invention relates to compounds that inhibit the binding of E-selectin, P-selectin or L-selectin to sialyl- 
Lewis" and sialyl-Lewisa and to methods of inhibiting the binding of E-selectin. P-selectin or L-selectin to sialyl-Lewisx 
or sialyl-Lewis^ using said compounds. This invention also relates to pharmaceutically active compositions comprising 
compounds that inhibit the binding of E. P or L-selectin to sialyl-Lewis* or sialyl-Lewis*. 

10 Background of the Invention 

[0002] E-selectin, which has also been called ELAM-1 for endothelial leukocyte adhesion molecule-1 and LECAM- 
2 for lectin cell adhesion molecule, is a glycoprotein that is found on the surface of endothelial cells, the cells that line 
the interior wall of capillaries. E-selectin recognizes and binds to the carbohydrate siatyl-Lewis" (sLe*), wrtiich is present 

15 on the surface of certain white blood cells. E-selectin helps white blood cells recognize and adhere to the capillary wall 
in areas where the tissue surrounding the capillary has been infected or damaged. E-selectin is actually one of three 
selectins now known. The other two are L-selectin and P-selectin. P-selectIn Is expressed on inflamed endothelium 
and platelets, and has much structural similarity to E-selectin and can also recognize sialyl-Lewls'^. L-selectin is ex- 
pressed on leukocytes and also has much structure similarity to P- and E-selectins. The structure of sialyl-Lewis'^ and 

20 sialyl-Lewis^ (sLe*) are shown in formulas 1^ and Ij, below: 
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[0003] When a tissue has been invaded by a microorganism or has been damaged, white blood cells, also called 
leukocytes, play a major role in the inflammatory response. One of the most important aspects of the inflammatory 
response involves the cell adhesion event. Generally, white blood cells are found circulating through the bloodstream 
However, when a tissue is infected or becomes damaged, the white blood cells must be able to recognize the invaded 
or damaged tissue and be able to bind to the wall of the capillary near the affected tissue and diffuse through the 
capiNary into the affected tissue. E-selectin helps two particular types of white blood cells recognize the affected sites 
and bind to the capillary wall so that these white blood cells may diffuse into the affected tissue 
[0004] There are three main types of white blood cells: granulocytes, monocytes and lymphocytes. Of these cate- 
gories. E-selectin recognizes sLe^ presented as a glycoprotein or glycolipid on the surface of monocytes and neu- 
trophils Neutrophils are a subclass of granulocytes that phagocytose and destroy small organisms, especially bacteria 
Monocytes, after leaving the bloodstream through the wall of a capillan^. mature into macrophages that phagocytose 
and digest invading microorganisms, foreign bodies and senescent cells 

[0005] Monocytes and neutrophils are able to recognize the site where tissue has been damaged by binding to E- 
llnT' T'l '"T''^^ ^""^^""^ °' '^"^ endothelial cells lining capillaries when the tissue surrounding a 

2^SfI^ff" T Typically, the production of E-selectin and P-selectin is increased when The 

V H « • k"'^"'"" constitutively in storage granules from which it can be 

rapKlly r^obil.zed to the cell surface after the endothelium has been activated. In contrast. E^electin requires ds novo 
RNA and protein synthesis, and peak expression is reached about 4-6 hours after activation, and declines to basal 

of the whUe btood cells bind to E-selectin and P-selectin. This binding slows the velocity of white blood cells circulating 
mLrt^ti f !' "'^'^^'^^ '^^ °' '^"kocytes along the activated endothelium prior to integrin 

mn^, ^"'^ migration, and helps to localize while blood cells in areas of injury or infection 

[0006] While white btood cell migration to the site of Injury helps fight infection and destroy foreign material an 
accumulation of an excessn/e number of white blood cells can cause widespread tissue damage. Compounds capable 
of blocking this process therefore, may be beneficial as therapeutic agents. Thus, it would be useful to develop inhibitors 
mat would prevent the binding of white blood cells to E-selectin or P-selectin. For example, some of the diseases thS 
might be treated by the inhibition of selectin binding to sLe-' include, but are not limited to. ARDS Crohn's disease 
septic shock, traumatic shock, multiK,rgan failure, autoimmune diseases, asthma, inflammatory bowel disease pso- 
riasis, rheumatoid arthntis and reperfusion injury that occurs foltowing heart attacks, strokes and organ transplants In 
addition to being found on some white blood cells. sLea a closely related regiochemical isomer of sLex is found on 
various cancer cells including lung and colon cancer cells. It has been suggested that cell adhesion involving sLe^ 
may be involved in the metastasis of certain cancers "iv.na sue- 

Ss u^sef!fL'^m^H ?'"°Th^ ^^""^ ^ "-"^'^ " 'yP^ ganglioside sugar chain derivative 

toftirce adheti^n »nH^ ^TJ"!"^ ^'"""'"'^ "^'^'"^^^ moranoline. This compound presents the ability of 

inhibiting cell adhesion and it inhibits selectin antagonistically. 
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[0008] The inventors of EP 627 442 A1 are nnainly concerned with the notion that it is very difficult to obtain the sialyl 
Lewis sugar chain antigens as pure single compounds from the living body because these compounds are found in 
the cell surface layer only in minimal amounts. To distinguish from the known synthetic compounds of sialyl Lewis 
sugar chain derivatives, the inventors of EP 627 442 disclose a new synthetic compound of said kind having moranoline 
s as a sugar chain component. The compounds of EP 627 442 A1 appear to exert their cell adhesion inhibitory effect by 
antagonistically competing with naturally-occurring sialyl Lewis sugar chain antigens in the selectin binding process. 

Summary of the Invention 

10 [0009] The present invention provides compounds having the structure of formula II below: 



wherein X is selected from the group consisting of -CN. -(CH2)nC02H, -(CHajnCONHOH. -0(CH2)n,C02H, -O 
(CH2)n,CONHOH, -(CH2)nCONHNH2. -(CH2)nC02, -(CH2)„Z, -CH(C02H)(CH2)mC02H, -(CH2)nO(CH2)„C02H, 
3S -CONH(CH2)„C02H, -CH(0Z)(C02H), -CH(Z)(C02H), -(CH2)„S03H, -(CH2)nP03D,D2, -NH(CH2),„C02H, -CONH 
(CHR3)C02H, (1-H-tetrazolyl-5-alkyl-), and -OH; 

[0010] For divalent structures, Y is -(CH2)r. -CO(CH2)fCO-. -(CH2)P(CH2)r. -CO(CH2)P(CH2)(CO-. -(CH2)gS(0)b 
(CH2),S(0)b(CH2)g-, -CO(CH2)gS(0)b(CH2)fS(0)b{CH2)gCO-,-(CH2),V{CH2)r, -(CH2)^OVCO{CH2),-, -CO 
(CH2),COVCO(CH2),CO-, -CO(CH2),V(CH2)fCO-,-CONH(CH2)fNHCO-, -CO(CH2),W(CH2)fCO-, -(CH2)fWSW(CH2)r, 
fo -(CH2)^ONH(CH2)fNHCO(CH2),, -(CH2),COW(CH2),WCO{CH2)r. or -CH2(CH2),W(CH2),CH2- where V is -N[ 
(CHajqlgN- and q Is independently 2 to 4, and W is aiyl or heteroaryl; 
[0011] For trivalent structures, Y is: 
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and T is selected from the group consisting of -(CH2)r. -CO(CH2)r. -(CH2)gS(0)b(CH2)r. and -CO(CH2)gS(0)b(CH2)r. 
where the carbony! group is positioned contiguous to the biphenyl unit; 

R, and a'e independently selected from the group consisting of hydrogen, alkyi, halogen, -OZ, -NCX, 
-(CH2)„C02H, -NHg and -NHZ; 

R3 is selected from the group consisting of hydrogen, alkyI, aralky), hydroxyalkyi, aminoalkyi, alkyI cartioxylic acid 
and alky! carboxamide; 

f is 1 to 16, g is 0 to 6, n is 0 to 6, m Is 1 to 6, p is 0 to 6, b Is 0 to 2. Z Is alkyl. aryl or atalkyi, and and Dg are 
independently hydrogen or alkyl. and the pharmaceutically acceptable salts, esters, amides and prodrugs thereof. 

[0012] More partk:ularly, this invention provides compounds of the formula III: 




(III) 



where X is -(CH2)nCOOH or -0(CH2)„COOH and Y Is -(CH2)„-, -(CH2)„W(CH2)„-, -(CH2)nWOW(CH2)n-, -(CHjjnS 
(CH2)„S(CH2)n-, -CO(CH2)„CO-,or -(CH2)„COW(CH2)„WCXJ(CH2)n- where W and n are as defined above. 
[001 3] Particu larly preferred compounds include: 
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[0014] The present invention also provides pharmaceutical compositions comprising a compound of formula II or 
15 formula III and a pharmaceutically acceptable carrier. 

[001 S] The present invention further provides a method of inhibiting the binding of E-selectin. P-selectin, or L-selectin 
to sLe* or sLe^ comprising the step of administering to a patient an effective amount of a compound having the structure 
of formula 1 1 or formula III to inhibit the binding of E-, P- or L-selectin or P-selectin to sLe" or sLe«, and a pharmaceutically 
active composition comprising a compound of formula It or III and a pharmaceutically acceptable carrier 
20 [001 6] The compounds of the present invention vnay be used in methods for treating diseases such as ARDS, Crohn's 
disease, septic shock, traumatic shock, multi-organ failure, autoimmune diseases, asthma, inflammatory bowel dis- 
ease, psoriasis, rheunfiatoid arthritis, reperfusion injury that occurs following heart attacks, strokes, organ transplants, 
and cancer, which comprises administering to an animal in need of such treatment a therapeutically effective amount 
of a compound having the formula II or formula III to reduce the symptoms of the disease. 



Detailed Description of the Preferred Embodiments 

[001 7] II has been found that compounds having the formula (II) shown above act to inhibit E-, P- or L-selectin binding 

to sLex or sLe" . 

30 [0018] As used herein, the term "alkyl" shall mean a monovalent straight chain or branched chain group of 1 to 1 2 
carbon atoms including, but not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl and 
the like. 

[0019] The term "lower alkyl" shall mean any alkyl group having from one to six carbon atoms. 
[0020] The term "halogen" shall mean any atom selected from the group consisting of chlorine, fluorine, bromine, 
35 and iodine. 

[0021] The term "alkoxy" shall mean an alkyl group attached to a molecule through an oxygen atom including, but 
not limited to, methoxy, ethoxy, isopropoxy, n-butoxy, sec-butoxy, isobutoxy, tert-butoxy and the like. 
[0022] The term "alkylamino' shall mean groups having the structure -NH-(alkyl), or -N-(alkyl)2, including, for exam- 
ple, methylamino, ethylamino, isopropylamlno and the like. 

40 [0023] The term "aryl" shall mean carbocyclic aromatic groups including, but not limited to, phenyl, 1 or 2-naphthyl, 
fluorenyl. (1 .2)-dihydronaphthyl. indenyl, indanyl, thienyl, benzothlenyl. thienopyridyl and the like. 
[0024] The term "aralkyl" (also called arylalkyi) shall mean an aryl group appended to an alkyl group Including, but 
not limited to, benzyl, 1 and 2-naphthylmethyl, halobenzyl, alkoxybenyl, hydroxybenzyl, aminobenzyl. nitrobenzyl, gua- 
nidinobenzyl, fluorenylmethyl, phenylmethyl(benzyl), 1 -phenylethyl, 2-phenylethyl, 1 -naphthylethyl and the like. 

45 [0025] The term "hydroxyalkyl" shall mean -OH appended to an alkyl group. 

[0026] The term "aminoalkyi" shall mean a group having the structure -NR^Ry appended to an alkyl group. The groups 
R^ and Ry are independently selected from, (or example, hydrogen, alkyl and aryl. 

[0027] The term "alkyl carboxylic acid" shall mean a cartx>xyl group {-COJri) appended to an alkyl group. 

[0028] The term "alkyl carboxamide" shall mean a group having the formula -CONRxRy appended to an alkyl group 

so where R^ and Ry are as defined above under aminoalkyi. 

[0029] The term "pharmaceutically acceptable salts, esters, amides and prodrugs" as used herein refers to those 
carboxylate salts, amino acid addition salts, esters, amides and prodrugs of the compounds of the present invention 
which are, within the scope of sound medical judgment, suitable for use in contact with the tissues of patients without 
undue toxicity, irritation, allergic response, and the like, commensurate with a reasonable benefit/risk ratio, and effective 

55 for their intended use, as well as the zwitterionic forms, where possible, of the compounds of the invention. The temi 
"salts" refers to the relatively non-toxic, inorganic and organic ackJ addition salts of the compounds of the present 
invention These salts can be prepared /ns/hi during the final isolation and purification of the compounds or by sepa- 
rately reacting the purified compound in its free form with a suitable organic or inorganic acid or base and isolating the 
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salt thus formed. Representative salts include the hydrobromide, hydrochloride, sulfate, bisulfate nitrate acetate 
oxalate, valerate, oleate, palmitate. stearate, laurate, borate, benzoate, lactate, phosphate, tosylate! citrate ' maleate' 
lumarate. succinate, tartrate, naphthylate. mesylate, glucoheptonate. lactiobionate, laurylsulphonate salts and the like' 
These may include cations based on the alkali and alkaline earth nnetals, such as sodium, lithium, potassium calcium 
magnesium and the like, as well as nontoxic ammonium, quatemary ammonium and amine cations including but not 
limited to, ammonium, tetramethylammonium. tetraethylammonium. methylamine. dimethylamine. trimethy lamina tri- 
ethylamine, ethylamine, and the like. (See. for example S. M. Berge, et al.. "Pharmaceutical Salts," J. Pharm S ci 
66: 1-19 (1977), which is incorporated herein by reference.) " ' 

[0030] Examples of pharmaceutically acceptable, non-toxic esters of the compounds of this invention include C, to 
Cg alkyi esters wherein the alkyi group is a straight or branched chain. Acceptable esters also include C. to C, cycloalkyi 
esters as well arylalkyi esters such as, but not limited to benzyl C, to C4 alkyi esters are preferred Esters of the 
compounds of the present invention may be prepared according to conventional methods. 

[0031] Examples of pharmaceutically acceptable, non-toxic amides of compounds of this invention include amides 
derived from ammonia, primary to Cg alkyi amines and secondary C, to Cg dialkyi amines wherein the alkyi groups 
are straight or branched chain. In the case of secondary amines the amine may also be in the form of a 5 or 6 membered 
heterocycle containing one nitrogen atom. Amides derived from ammonia. C, to C3 alkyi primary amides and C, to C, 
dialkyl secondary amides are preferred Amides of the compounds of the invention may be prepared accordinq to 
conventional methods. 

[0032] The term "prodrug" refers to compounds that are rapidly transformed in vivo to yield to the parent compound 
of the above formula, for example by hydrolysis in blood. A thorough discussion is provided in T Higuchi and V. Stella 
Pro-drugs as Novel Delivery Systems". Vol 14of the A.C.S. Symposium Series, and in Biomversibte Carriers in Onjg 
Design, ed. Edward B. Roche. American Pharmaceutical Association and Pergamon Press. 1987 both of which are 
incorporated herein by reference. 

[0033J The present invention also provides for pharmaceutically active compositions that contain the compounds of 
the present invention. It is also contemplated that pharnrraceutically active compositions may contain a compound of 
the present invention and other compounds that inhibit or compete with E^electin or P-selectin binding to sLe" or sLe* 
including sLe" and sLe^ themselves. 

[0034] Pharrnaceutically active compositions of the present invention comprise a physiological carrier and a com- 
pound of formulas II or III. 

[0035] The pharmaceutical compositions of the present invention may include one or more of the compounds having 
the above structures ll or III fomiulated together with one or more nontoxic, physiologically acceptable carriers adju- 
vants or vehicles, which are collectively referred to herein as carriers, for parenteral injection, for oral adminisiration 
in solid or liquid form, for rectal or topical administration and the like. 

[0036] The compositions can be administered to humans and animals either orally, rectally, parenterally (intrave- 
nously, intramuscularly, or subcutaneously), intracistemally. iniravaginally, intraperitoneally. locally (powders oint- 
ments or drops), or as a buccal or by inhalation (nebulized, or as nasal sprays). 

[0037] Compositions suitable for parenteral injection may comprise physiologically acceptable sterile aqueous or 
nonaqueous solutions, dispersions, suspensions or emulsions and sterile powders for reconstitution into sterile inject- 
able solutions or dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents, solvents or vehicles 
include water, ethanol, polyol,{propylene glycol, polyethylene glycol, glycerol and the like), suitable mixtures thereof 
vegetable oils (such as olive or cannola oil) and injectable organic esters such as ethyl oleate. Proper fluidity can be 
maintained, for example, by the use of a coating such as lecithin, by the maintenance of the required particle size in 
the case of dispersions and by the use of surfactants. 

[0038] These compositions may also contain adjuvants such as presenting, wetting, emulsifying, and dispersing 
agents^ Prevention of the action of microorganisms can be ensured by various.antibacterial and antifungal agents for 
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include isotonic agents 
for example sugars, sodium chloride and the like. Prolonged absorption of the injectable pharmaceutical form can be 
brought about by the use of agents delaying absorption, for example, aluminum monostearate and qelatin 
[0039] If desired, and for more effective distribution, the compounds can be incorporated into slow or timed release 
or targeted delivery systems such as polymer matrices, liposomes, and microspheres. They may be sterilized for 
example, by filtration through a bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile water 
or some other sterile injectable medium immediately before use. 

[0040] Solid dosage forms for oral administration include capsules, tablets, pills, powders and granules In such solid 
dosage forms, the active compound or a pro^lrug ester is admixed with at least one inert customary excipient (or 
earner) such as sodium citrate or dicalcium phosphate or (a) filters or extenders, as for example, starches lactose 
sucrose glucose, mannitol and silicic acid, (b) binders, as for example, carboxymethylcellulose, alginates qelatin' 
^ST! ^T°^^ ^"^ ^« «''ample. glycerol.(d) disintegrating agents as fo; 

example, agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain complex silicates and sodium 
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carbonate, (e) solution retarders, as for example, paraffiri, (J) absorption accelerators, as for example, quaternary 
ammonium compounds, (g) wetting agents, as for example, cetyl alcohol and glycerol monostearate, (h) adsorbents, 
as for example, kaolin and bentonite, and (i) lubricants, as for example, talc, calcium stearate, magnesium stearate, 
solid polyethylene glycols, sodium lauryl sulfate or mixtures thereof. In the case of capsules, tablets and pills, the 

5 dosage forms may also comprise buffering agents. 

[0041] Solid compositions of a similar type may also be employed as fillers in soft and hard-filled gelatin capsules 
using such excipients as lactose or milk sugar as well as high molecular weight polyethylene glycols and the like. 
[0042] Solid dosage forms such as tablets, dragees, capsules, pills and granules can be prepared with coatings and 
shells, such as enteric coatings and others well known in the art. They may contain opacifying agents, and can also 

10 be of such composition that they release the active compound or compounds in a certain part of the Intestinal tract in 
a delayed manner. Examples of embedding compositions that can be used are polymeric substances and waxes. 
[0043] The active compounds can also be in microencapsulated form, if appropriate, with one or more of the above- 
mentioned excipients. 

[0044] Liquid dosage forms for oral administration include pharmaceutically acceptable emulsions, solutions, sus- 
15 pensions, syrups and elixirs. In addition to the active compounds, the liquid dosage forms may contain inert diluents 
commonly used in the art such as water or other solvents, solubilizing agents and emulsifiers, as for example, ethyl 
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1 .3-buty- 
lene glycol, dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, com germ oil, olive oil, cannola oil, 
castor oil and sesame seed oil, glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorfoitan 
20 or mixtures of these substances, and the like. 

[0045] Besides such inert diluents, the compositions can also include adjuvants, such as wetting agents, emulsifying 
and suspending agents, sweetening, flavoring and perfuming agents. 

[0046] Suspensions, in addition to the active compounds, may contain suspending agents, as for example, ethoxy- 
lated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahy- 
25 droxide, bentonite, agar-agar and tragacanth or mixtures of these substances and the like. 

[0047] Compositions for rectal administrations are preferably suppositories, which can be prepared by mixing the 

compounds of the present invention with suitable nonirritating excipients or carriers such as cocoa butter, polyethylene 
glycol or a suppository wax, which are solid at ordinary temperatures but liquid at body temperature and therefore melt 
in the rectal or vaginal cavity and release the active component. 
30 [0048] Dosage forms for topical administration of a compound of this invention include ointments, powders, sprays 
and inhalants. 

[0049] The active component is admixed under sterile conditions with a physiologically acceptable carrier and any 
needed preservatives, buffers or propellants as may be required. Ophthalmic formulations, eye ointments, suspensions, 
powders and solutions are also contemplated as being within the scope of this invention. 

3S [0050] The compounds of this invention can also be administered in the form of liposomes. As is known in the art, 
liposomes are generally derived from phospholipids or other lipid substances. Liposomes are formed by mono or mul- 
tilamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any nontoxic, physiologically acceptable 
and metaboltzable lipid capable of forming liposomes can be used. The present compositions in liposome form can 
contain, in addition to the selectin binding inhibitors of the present invention, stabilizers, preservatives, excipients and 

M the like. The preferred lipids are the phospholipids and the phosphatidyl cholines (lecithins), l20th natural and synthetic. 
Methods to form liposomes are well known in the art. 

[0051] Actual dosage levels of active ingredient in the compositions of the present invention may be varied so as to 
obtain an amount of active ingredient that is effective to obtain the desired therapeutic response for a particular com- 
position and method of administration. The selected dosage level, therefore, depends on the desired therapeutic effect, 

45 on the route of administration, on the desired duration of treatment and other factors. 

[0052] The total daily dosage of the compounds of this invention administered to a host in single or divided doses 
may be in the range of about 0.3 mg to about 50 mg per kilogram of body weight. Dosage unit compositions may 
contain such submultiples thereof as may be used to make up the daily dosage. It will be understood, however, that 
the specific dose level for any particular patient, whether human or other animal, will depend upon a variety of factors 

so including the body weight, general health, sex, diet, time and route of administration, rates of absorption and excretion, 
combination with other drugs and the severity of the particular disease being treated. 

[0053] in particular, the compounds of the present invention may be used to treat a variety of diseases relating to 
inflammation and cell-cell recognition and adhesion. For example, the compounds of the present invention may be 
administered toa patient to treat septic shock, chronic inflammatory diseases such as psoriasis and rtieumatoid arthritis. 
55 and reperfusion tissue injury that occurs following heat attacks, strokes and organ transplants, traumatic shock, multi- 
organ failure, autoimmune diseases, asthma and inflammatory bowel disease. In each case, an effective amount of 
the compounds of the present invention is administered either alone or as part of a pharmaceutically active composition 
to a patient in need of such treatment. It is also recognized that a combination of the compounds may be administered 
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to a patient in need of sucli administration. The compounds of the present invention may also be administered to treat 
other diseases that are associated with cell-cell adhesion. As the present compounds inhibit the binding of E-selectin 
or P-selectin with sLe^ or sLe^, any disease that is related to this interaction may potentially be treated by the inhibition 
of this binding Interaction. 

[0054] In addition to being found on some white blood cells, sLe* is found on various cancer cells, including lung 
and colon cancer cells. It has been suggested that cell adhesion involving sLe^ may be involved in the metastasis of 
certain cancers and that inhibitors of sLe^ binding might be useful in the treatment of some forms of cancer. 
[0055] Many of the compounds of the present invention may be synthesized according to the following general syn- 
thetic schemes. 



SCHEME 1 



15 



20 



35 



40 




[0056] In this scheme, a substituted biphenyl (1, U.S. Patent No. 5,444.050) is reacted with a diacid chloride which 
gives the diatyldione 2. Preferred examples include linear and branched diacid chlorides of five to 1 6 carbons and aryl 
and aralkyi diacid chlorides. These compounds can be reduced by one of a number of ways known to those skilled in 
the art. namely catalytic hydrogenation. Wolff-Kishner reduction, metaf hydrides such as triethyl silane, or Clemmensen 
reduction. The resulting compounds (3) are converted to the phenol 4 by the action of boron tribromide in a halogenated 
solvent, preferably at 0°C to rt. Glycosylatlon using a protected mannose unit in the presence of boron trifluoride ether- 
ate, followed by base hydrolysis provides the desired compound 5. 
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2. (RO)sMan. BFgOE^ 
or (RO)4Man-F. BF,<OEt 

3. DepratecUon 



[0057] It can be desirable in certain cases to construct the linker between the two rings which are later substituted 
with the mannose unit prior to the attachment of the ring which bears a carboxylic acid. For example, in this scheme, 
a compound such as 4-(4-methoxyphenyl)butanoic acid is converted to an acid chloride using thionyl chloride, followed 
by a Friedel-Crafts reaction with anisole to provide ketone 7. Reduction of the ketone by any one of a number of different 
methods known to those skilled in the art provides compound 8. Lithiation ortho to the methoxy groups, followed by 
conversion to the boronic acid and palladium-mediated biaryl coupling gives 9. Demethylation of the ethers followed 
by glycosylation and deprotection gives the target compound JO. 



ss 
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SCHEME 3 




u f L,L L T^^ntn. ""^J be advantageous to perform the Friedel-Cratts reaction on a compound such as 11 
(U.S. Patent No. 5,444,050) m wh.ch the sugar moiety is already in place. For example. 11 can be treated with succi,^ 
anhydride in the presence of a Lewis acid such as aluminum chloride to provide the keto acid 12. Reduction of the 
ketone by one Of a number of ways known to those skilled in the art provides the acid 13, whicMs converted to the 
^Z^irJIZ^Jl"^^ T""^ *" ^ halogenated solvent at low temperature, or Mother suitable method. The 
acid chlorKlG IS allowed to react with one of a number of primary or secondary amines, especially diamines like ethyl- 
enedamfne^piperazine homopiperazine. 4.4Mrimethylenedipiperidine. or other alky! diamine, giving multimeric com- 
pounds such as 15. Reductran of the amides using borane or another suitable reagent in an oxygenated solvent at low 
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temperature, followed by hydrolysis of the protective groups gives the desired compound 16. Furthermore, amides 1 5 
can be hydrolyzed directly to provide amides 17. 



SCHEME 4 




23 



[0059] Compounds containing ether linkages can be prepared as in Scheme 4. Oxidation of hydroxyesters (18) to 
the aldehydes followed by self condensation gives the ethers (19), which are converted to the acid chlorides (20). 
Friedel-Crafts coupling, reduction, demethylation, glycosylation and deprotection leads to the ethers (23 ). 
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SCHEME S 




[0060] In some instances, il may be desirable to prepare other compounds by the sequence of reactions shown in 
Scheme 5, Thus, J may undergo a Friedel-Crafts reaction with other halogenated acid halides, for example 3-bromo- 
propionyl chloride, to give 24. Reduction of the benzylic ketone can be accomplished by one of a number of methods 
known to those skilled in the art to provide halide 25. Reaction of 25 with 1 .3-propane dithiol, or other suitable disulfide 
in the presence of a suitable base gives compound 26. Demethylation can be accomplished by one of a number of 
methods, especially boron tribromide in a halogenated solvent at low temperature, which provides phenol 27 The 
phenol IS reacted with a protected mannopyranoside using boron trifluorlde etherate in a halogenated solvent, and the 
protective groups are removed with aqueous base which gives compound 29. AKematlvely. the glycoside 28 can be 
treated with a suitable oxidizer such as m-chloroperoxybenzoic acid in the appropriate solvent which gives the sulfone 
Treatment with aqueous base gives the final compound 30. 
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SCHEME 6 




[0061] In still other Instances, intermediate Vl. undergoes a Friedel-Crafts reaction with a dl-acid chloride in halogen- 
ated solvent in the presence of aluminum chloride or other suitable Lewis acid, to give 31 . Deprotection of the mannose 
moiety using aqueous hydroxide or methoxide followed by hydroxide gives the final compound 32. 



SCHEME? 
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[0062] In this scheme, a substituted biphenyl (i. U.S. Patent No. 5.444.050) is reacted with a triacid chloride to give 
the benzylic ketone 33. These ketones can be reduced by one of a number of ways known to those skilled in the art 
and listed in Scheme 1 The resulting compounds (34) can be demethylated, glycosylated, and deprotected to provide 
the desired compounds 35. 




[0063] In a similar fashion, n can undergo a Friedel-Crafts reaction with bromoalkyi acid bromide to provide 36 
Reaction of the bromo ketone with a 1.3,5-substituted benzene trithiol in the presence of a base provides the ex- 
pounds 37. Hydrolysis of the protective groups gives the desired compounds (38). 
[0064] The present invention is illustrated by the following representative examples: 

EXAMPLE 1 



1,6-S/»-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyqhexane 

[0065] Step 1 : AdipoyI chloridG (2.0 g, 10.9 mmol) was dissolved in 1 ,2-dichloroethanG (55 mL) and cooled in an ice 
bath. Aluminum chloride (5.8 g, 43.5 mmol) was added followed by 3-(2-m9thoxyphenyl)phenylacetic acid methyl ester 
(5.75 g, 22.4 mmol) [T P. Kogan, B. Dupr6, I. L. Scott, K. Keller. H. Dao and P Beck, US Patent 5 4A4 050 and T P 
Kogan, B. Dupr6. K. M. Keller, I. L. Scott. H. Bui R. V. Market. R J. Beck. J. A. Voytus. B. M. Revel'le and D Scott J 
Med. Chem. 1 995. 38. 4976-4984] and the mixture was stirred at rt for 30 min. then mixed with ice water (30 mL) The 
organic materials were Isolated, and the aqueous portion was extracted with dichloromethane (3x5 mL) The organic 
materials were combined, dried (MgS04) then concentrated under reduced pressure. The residue was purified by flash 
chromatography (SiOg, gradient elution from hexane to 3:1 hexane / ethyl acetate) to give the product 2 (2 23 a 
33%) 1H IMMR (400 MHz, CDCI3): 7.96 (dd, J=6.6. 1.9 Hz, 2H), 7.92 (d, J= 1.9 Hz, 2H). 7.42 (m 2H) 7 34 (t' J = 6 
Hz, 2H), 7.18 - 7.28 (m. 4H), 7.00 (d, J =6.3 Hz. 2H). 3.87 (s. 6H), 3.69 (s, 6H), 3.68 (s, 4H) 3 01 (m '4H) 1 84 (m 
4H)ppm. IR(NaCI): 1741, 1677 cm-1. \ . 1. ■ K .^n,. i.o^nm, 

[0066] Step 2: Part A: The product from step 1 (2.23 g, 3.6 mmol) was dissolved in acetonitrile and treated with 
lithium hydroxide solution (0.8 g, 18 mmol lithium hydroxide monohydrate in 8 mL water). The mixture was stirred at 
room temperature ovemight then acidified to pH 4 with 2N HCI. and extracted with ethyl acetate. The extracts were 
combined, dried (MgS04) then concentrated under reduced pressure. IR (NaCI): 1711 , 1677 cm-' 
[0067] Part B: The keto acid from part A (1 .86 g, 3.1 mmol) was dissolved in dimethylsulfoxide (15 mL) and mixed 
with hydrazine (1 .0 mL, 31 mmol). This mixture was heated at 80»C under nitrogen for 2.5 hours, then cooled. Potassium 
f-butoxide (3.5 g, 31 mmol) was added and the mixture was again heated at 80°C overnight, then mixed with water 
(30 mL) and acidified with 2N HCI, and extracted with ethyl acetate. The extracts were combined, dried (MgSQ.) and 
concentrated under reduced pressure to give 3 (1.6 g, 91%). IR (NaCI): 17l3cm-i. 

[0068] Step 3: Part A: The diacid from step 2. part B (1 .6 g. 2.8 mmol) was dissolved in dichloromethane (1 4 mL) 
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under nitrogen, and chilled In a dry-ice / 2-propanol bath Boron Iribromide (1 .4 mL, 14 mmol) was added slowly; the 
mixture was stirred at room temperature for 2 hours, then mixed with ice-water (25 mL). The organic material was 
separated, washed with saturated sodium bicarbonate solution (20 mL), water (20 mL), saturated sodium chloride (20 
mL) then dried (MgS04) and concentrated under reduced pressure to give 2.38 g of the crude product. 

5 [0069] Part B: The residue from part A was mixed with methanol (50 mL) and sulfuric acid (5 drops) was added. The 
mixture was heated at reflux overnight, then concentrated under reduced pressure. The residue was dissolved in 
dichloromethane (50 mL) and treated with sodium carbonate, then filtered through a pad of silica gel. The filtrate was 
concentrated under reduced pressure, and the residue was purified by flash chromatography (SiO^, gradient elution, 
hexane to 3:1 hexane / ethyl acetate) to give 1,6-b>s-(3-(3-carbomethoxymethylphenyl)-4-hydroxyphenyl)hexane (0.9 

10 g, 38%). 'NMR (400 MHz, CDCI3): 6.80-7.50 (m, 14H), 3.70 (s, 6H), 3.68 (s, 4H), 2.55 (dd, J= 5.5, 5.5 Hz, 4H). 1.59 
(m, 4H), 1 .36 (m, 4H) ppm. IR (NaCI): 3430, 1 731 cm-< . 

[0070] Step 4: 1 ,6-S/s-(3-(3-carbomethoxymethylphenyl)-4-hydroxyphenyl)hexane (0.9 g, 1 6 mmol) was dissolved 
in 1,2-dichloroethane (8 mL). a-D-Mannose pentaacetate (1.9 g, 4.8 mmol) was added in one portion, then boron 
trifluoride etherate (2.5 mL, 19.2 mmol) was added slowly. The mixture was stirred under nitrogen overnight at room 

IS temperature then mixed with water ( 1 5 mL). The organic matenal was separated and the aqueous portion was extracted 
with dichloromethane (3x2 mL) The extracts were combined with the original organic fraction, dried (MgS04) then 
concentrated under reduced pressure. The residue was purified by flash chromatography (SiO^, gradient elution hex- 
ane to 3 : 1 hexane / ethyl acetate) to provide 1,6-6»js-(3-(3-carbomethoxymethylphenyl)-4-(tetra-0-acetyl-a-D-man- 
nopyranosyl)oxyphenyl]hexane (1.5 g, 77%). 'H NMR (400 f^Hz. CDCI3): 7.31-7.37 (m, 6H), 7.19-7.24 (m, 4H), 

20 7.09-7.13(m. 4H). 5. 25 (d. J =0.6 Hz, 2H), 3.57 -3.66 (m.6H), 3.3-3.50 (m, 10H), 2.54 (m, 4H), 1,58 (m,4H), 1.34 (m, 
4H) ppm. IR (NaCI); 1752 cm '. 

[0071] Step 5: The glycoside from step 4 (1 .5 g, 1 .2 mmol) was dissolved in acetonitrile (6 mL), and treated with a 
solution of lithium hydroxide monohydrate (1 .0 g, 24 mmol) in water (10 mL). The mixture was stirred at room temper- 
. ature overnight then acidified to pH 2 with concentrated hydrcx:hloric acid. The mixture was concentrated under reduced 
25 pressure and the residue was purified by HPLC (reverse-phase, gradient elution 5-50% acetonitrile in water, monitored 
at 254 nm) to give 1 ,6-bfs-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]hexane, (5), (0.35 g, 33%) 
as a white solid, mp 115-117''C, NMR (400 MHz, DMSO-d6): 7.31-7.37 (m, 6H), 7.19-7.24 (m, 4H), 7.09-7.13 (m. 
4H), 5.25 (d, 0.6 Hz, 2H), 3.57-3.66 (m, 6H), 3.3-3.50 (m, 10H). 2.54 (m, 4H). 1.58 (m. 4H). 1.34 (m, 4H) ppm. IR 
(KBr): 3420. 1711 cm-i. 

30 

EXAMPLE 2 

1 ,6-Sfs-[3-(3-carboxymethylphenyl)-4-(2-a-0-mannopyranosyloxy)phenyl]hexane, dlsodium salt (alternative 
method) 

35 

[0072] Step 1: AdipoyI chloride (16.8 mL, 112 mmol) and 3-(2-methoxyphenyl)phenylacetic acid methyl ester (60.9 
g. 225 mmol) were dissolved in dichloromethane (300 mL) and cooled at O'C. Aluminum chloride (67.7 g, 507 mmol) 
was added, stirred at 0°C for 5 minutes then quenched with ice The product was extracted with EtOAc (1 L), washed 
with water (500 mL), sat. NaHCOg (50 mL) and sat. NaCI (50 mL), The solution was dried over NagSO^, filtered through 

40 a plug of magnesium sulfate, concentrated, then recrystallized from ether / ethyl acetate to provide 2, (64.7 g, 89 %). 
[0073] Step 2: The bis-ketone 2 (15 g, 23.1 mmol) was dissolved in hot EtOAc:EtOH (4:1. 100 rriL). The resulting 
solution was cooled, trifluoroacetic acid (1 mL) and Pearlman's catalyst (0.75 g) were added. The mixture was shaken 
under a hydrogen atmosphere (50 psi) for 18 h. and filtered through a pad of celite. The solution was washed with sat. 
NaHCOg, water and sat. brine, dried (Na2S04), filtered through MgS04 and concentrated. Toluene was evaporated 

fs from the product to remove EtOAc, and the residue was dried under high vacuum to give 1 ,6-b/s-[3-(3-car- 
boethoxymethylphenyl)-4-methoxyphenyllhexane quantitatively. 

[0074] Step 3: The bis-methyl ether (25.6 g, 41 mmol) was dissolved in dichloromethane (165 mL) and cooled to 
0°C. Boron tribromide in dichloromethane (33 mL) was added slowly, then the cooling bath was removed, and the 
reaction was stirred at rt for 20 min. The reaction mixture was cooled in an ice bath, the nitrogen atmosphere inlet 

so replaced with a CaCIa drying tube and ethanol (35 mL) added dropwise. The mixture was poured onto ice and extracted 
with EtOAc. The organic material was separated, washed with water, brine, dried (MgS04) and concentrated under 
reduced pressure to give 1 .6-6(s-[3-(3-carboethoxymethylphenyl)^hydroxyphenyl]hexane (24.2 g, 100%). 
[0075] Step 4: To an ice-cold solution of the his-phenol (25.37 g, 42.7 mmol) and tetraO-pivaloyl-a-D-mannopyran- 
osyl fluoride (66.4 g, 128 mmol) [I. L. Scott and T. P. Kogan, US Patent application filed May 20, 1996, entitled "High 

55 Yield Stereospecific l^annosylation'] in dichloromethane (427 mL) was added BFg.OEtg (47.3 mL, 384 mmol) dropwise 
and the ice-cold mixture stirred for 1 h. The mixture was diluted with EtOAc and washed with water (2 x), sodium 
hydroxide (2 M), water and sat. sodium chloride, dried over magnesium sulfate and concentrated under reduced pres- 
sure. Purification by chromatography (silica, eluted with a hexane / EtOAc gradient 30:1 to 6:1 ) gave 1 ,6-6/s-[3-(3-car- 
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boethoxymethylphenyl)-4-(tetra-0-pivaloyl-a-D-mannopyranosyloxy)phenyl]hexane (59.8 g, 89%). 
[0076] Step S: Part A: To a solution of the fa/s-glycoside in THF (24 mL) was added methanol (24.4 mL) followed by 
an ice-cold solution of freshly prepared sodiunn methoxide (from sodium. 0.5 g. 22 mmol) in mettianol (24.4 mL), and 
the mixture was stirred at rt overnight. The precipitate was collected by filtration and washed with a small volurne of 
THF/methanol (2:1, 2x) then acetone. The solid sodium alkoxide (6.3 g) was purified further by stirring with acetone 
and filtering. 

[0077] Part B: The precipitate was stirred in water (27 mL) at rt for 30 minutes. The pH was then adjusted to 14 and 
maintained at pH 14 using the minimum amount of sodium hydroxide (2 M) while stirring. After 4 hours deprotection 
was complete by reverse phase HPLC. The solution was neutralized with prewashed ion exchange resin (Dowex 50, 
hydrogen form) and filtered through celite. The solution was then lyophilized to give 1 ,6-6/s-(3-(3-carboxymethylphenyl)- 
4-(2-a-D-mannopyranosyloxy)phenyl]hexane, disodium salt as a slightly hygroscopic white powder, (6 0 g, 90%) mp 
243-245''C; 'H NMR (400 MHz, D2O) 7.64 (s, 2H), 7.58 (d. J= 7.7 Hz. 2H). 7.49 (t. J = 7.5 Hz. 2H). 7 37 (d, J = 8 4 
Hz, 2H). 7.19 (d, J= 7.3 Hz. 2H), 7.12 (s, 2H), 7.07 (d. J =8.0 Hz, 2H), 5.66 (s. 2H), 4.27 (s, 2H), 4.00-4.20 (m, 4H) 
4.04 (dd. J = 12.1 and 3.3 Hz. 2H). 3.80-3.92 (m. 6H). 3.72 (d. J= 9.2 Hz. 2H). 2.52 (m, 4H). 1.60 (br 4H). 1 39 (br 
4H); "C NMR (100 MHz, D2O) 180. 9,' 151.5. 138.4. 137.5. 137.4. 132.5. 130.9, 129.1, 129 0 128 9 127 3 117 2 
100.2. 74.2, 70.9. 66.6, 60.9, 45.5. 32.3, 31.6, 29.5; Found: 57.54% C, 5.98% H, 5.12 Na calc for 
C46H52O,6Na203H2O: 57.50% C. 6.08% H. 4.78 Na. 

EXAMPLE 3 

1,4-0/«-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]butane 

[0078] Step 1: 4-(4-Methoxyphenyl)butyric acid (2.0 g, 10.3 mmol) was treated with thionyl chloride (20 mL). The 
reaction was stirred at rt for 3 h, heated at 65"C overnight and then concentrated under reduced pressme to give 4- 
(4-methoxyphenyl)butyryt chloride (2.3 g) as a yellow oil which was used without further purification IR (NaCI) 1795 
1510, 1244 cm-1. .. V #• . 

[0079] The crude acid chloride (2.07 g. 9.7 mmol) and anisole (1 .26 g, 11 .6 mmol) were dissolved in 1 ,2-dichlo- 
roethane (32 mL) and chilled in an ice bath. The mixture was treated with aluminum chloride (3.9 g. 29.1 mmol) in 
portions, stirred for 5 minutes, then mixed with ice water (50 mL). The mixture was extracted with dichloromethane (3 
X 10 mL), and the extracts were combined, washed with saturated sodium chloride (100 mL), dried (MgS04), then 
concentrated under reduced pressure. The residue was flushed through silica gel with 10:1 hexane/ethyl acetate then 
concentrated to give 1.4-/)/s-(4-methoxyphenyl)butan-1-one (2.49 g. 82%). 'H NMR (400 MHz, CDCI3) 7 90 (d J = 
8.8 Hz. 2H), 7.11 (d, J= 8.4 Hz, 2H). 6,91 (d. J= 8.8 Hz, 2H). 6.83 (d, J= 8.4 Hz, 2H), 3.86 (s, 3H), 3.78 (s, 3H) 2 90 
(t. J= 7.3 Hz, 2H). 2.65 (t, J =7.7 Hz, 2H), 2.02 (m, 2H) ppm. IR (NaCI): 1674, 1602, 1244 cm'. 
[0080] Step 2: The ketone (2.49 g, 8.8 mmol) was dissolved in dichloromethane (30 mL) and treated with trifluoro- 
aceticacid (2.7 mL. 35.2 mmol), triethylsilane (2.8 mL, 17 6 mmol) then boron trifluoride etherate (4.4 mL. 35.2 mmol). 
The mixture was stirred at room temperature for 2 hours then cooled in an ice bath and mixed with water (50 mL). The 
mixture was extracted with dichloromethane (3x5 mL) and the organic fractions were combined, washed with saturated 
sodium chloride (100 mL) and dried (MgS04), then concentrated under reduced pressure. The residue was flushed 
through silica gel with 10:1 hexane/ethyl acetate and concentrated to provide 1 ,4-6*s-(4-methoxyphenyl)butane (2 0 
g, 85%) as a clear oil. 1H NMR (400 MHz. CDCI3): 7.07 (d. J =8.4 Hz. 4H). 6.81 (d. J = 8.4 Hz. 4H) 378 (s 6H) 2 56 
(m, 4H), 1 61 (m, 4H) ppm. IR (NaCI): 1605, 1248cm-V 

[0081 ] Step 3: 1 ,4-S/s-(4-methoxyphenyl)butane (1 .78 g, 6.6 mmol) and TMEDA (4.0 mL, 26,5 mmol) were mixed 
with anhydrous ether (30 mL) and chilled in an ice bath. n-Butyl lithium (10.5 mL of a 2.5 M solution, 26.5 mmol) was 
added and the mixture was warmed to room temperature and stirred for 1h. The reaction mixture was cooled to 0°C 
and treated with trimethyl borate (3.0 mL, 26.5 mmol). The mixture was stirred at room temperature overnight, quenched 
with 2N HCI (to pH 2) and stirred for an hour. The organic phase was separated and the aqueous portion was extracted 
with ethyl acetate (3x5 mL). The extracts were combined with the original organic fraction and dried (MgS04), then 
concentrated under reduced pressure, to give the boronic acid (3.0 g) which was used without further purification IR 
(NaCI): 1603, 1490, 1416, 1328, 1234 cm-'. 

[0082] The crude boronic acid and methyl 3-bromophenyl acetate (3.8 g. 16.8 mmol) were mixed with dimethox- 
yethane (30 mL) and degassed under nitrogen. The mixture was treated with tribasic potassium phosphate (10.7 g. 
50.5 mmol) and 6/s(triphenylphosphine)palladium(ll) chloride (100 mg, 0.17 mmol). The mixture was degassed again' 
then heated at reflux for 2 h, cooled to room temperature and mixed with water (100 mL). The mixture was extracted 
with dichloromethane (3x10 mL) and the extracts were combined, washed with water (50 mL), saturated sodium 
chloride (50 mL), dried (MgS04) and concentrated under reduced pressure. The residue was purified by flash chro- 
matography (SiOg, gradient elution, 8:1 hexane/ethyl acetate to 4:1 hexane/ethyl acetate) to give 1 ,4-6/s-[3-(3-car- 
bomethoxymethylphenyl)-(4-methoxy)phenyl]butane (1 .1 4 g. 24%) as a clear oil. 'H NMR (400 MHz, CDCI3): 7.41 -7.44 
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(m. 4H), 7.34 (t, J= 7.7 Hz, 2H), 7.21-7.60 (m. 2H), 7.08-7.13 (m, 4H), 6.87 (d, J =8.0 Hz, 2H), 3.77 (s, 6H), 3.68 (s. 
6H), 3.66 (s, 4H), 2.61 (m, 4H), 1.67 (m, 4H) ppm. IR (NaCI): 1737, 1606, 1239 cm-'. 

[0083] Step 4: 1 ,4-S/s-l3-(3-carbomethoxymethylphenyl)-(4-methoxy)pheny l]butane (0.9 g, 1 .6 mmol) was dissolved 
in dichloromelhane (3.0 mL), cooled In a dry ice bath, and treated with boron tribromide (1.2 mL, 12.8 mmol). The 
mixture was stirred at -78"C for three hours then placed in a freezer at -10''C overnight. The reaction was quenched 
with ice water (10 mL) and extracted with dichloromethane (3x5 mL). The organic materials were combined, washed 
with water (25 mL), saturated sodium chloride (25 mL), dried (MgS04) then concentrated under reduced pressure. The 
residue was purified by flash chromatography (SiOg, 5: 1 hexane/ethyl acetate) to give 1 .4-bcs-[3-(3-carbomethoxymeth- 
ylphenyl)-4-hydroxyphenyl]butane (0.4 g, 47%). 'H NMR (400 MHz, CDCI3): 7.42 (d, J =7.4 Hz. 2H), 7.35-7.38 (m. 
4H), 7.27-7.32 (m, 2H), 7.02-7.05 (m, 4H), 6.87 (d, J = B O Hz, 2H). 5.12 (s, 2H), 3.70 (s, 6H), 3.68 (s, 4H). 2.59 (m". 
4H), 1.65 (m, 4H) ppm. IR (NaCI): 3439, 1732, 1606, 1263 cm-'. 

[0084] Step S: 1 ,4-8/s-[3-(3-carbomethoxymethylphenyl)-4-hydroxyphenyl]butane (0.4 g, 0.74 mmol) and a-D-man- 
nose pentaacetate (0.72 g, 1 .85 mmol) were dissolved in dichloroethane (4.0 mL) and treated with boron trifluoride 
etherate (1.1 mL, 8.9 mmol). The mixture was stirred at room temperature overnight then quenched with water (10 
mL), and extracted with dichloromethane (3x4 mL). The organic materials ware combined, washed with water (15 
mL), saturated sodium chloride (20 mL). dried (MgS04) and concentrated under reduced pressure. The residue was 
purified by flash chromatography (SiOa, 2:1 hexane/ethyl acetate) to give 1 ,4-b/s-[3-(3-carbomethoxymethylphenyl)- 
4-(2,3.4,6-tetra-0-acetyl-a-D-mannopyranosyloxy)phenylIbutane (0.88 g, 99%) as a foam. ' H NMR (400 MHz, CDCI3): 
7.38-7.44 (m, 6H), 7.25-7.29 (m. 2H), 7.17 (br s, 2H), 7.07-7.11 (m, 4H), 5.40 (s, 2H), 5.20-5.30 (m, 6H), 4.15 (dd, J 
= 12.3, 4.8 Hz, 2H), 3.93 (dd, J= 12.4, 2.2 Hz. 2H), 3.76-3.82 (m, 2H), 3.72 (s, 4H), 3.68 (s, 6H), 2.63 (m, 4H), 2.13 
(s, 6H), 2.01 (s, 6H). 2 00 (s, 6H), 1.97 (s, 6H), 1.67 (m. 4H) ppm. IR (NaCI): 1748, 1219 cm-'. 

[0085] Step 6: The per-acetate (0.87 g, 0.73 mmol) was dissolved in acetonitrile (3 mL) and treated with a solution 
of lithium hydroxide hydrate (0.46 g, 1 1 mmol in 2 mL water) and the mixture was stirred at room temperature overnight. 
The solvent was removed under reduced pressure and the residue was acidified to pH 2 with concentrated hydrochloric 
acid. A portion of the mixture was purified by reverse-phase HPLC (C^g. water/acetonitrlle gradient 20-80% over 45 
minutes, monitored at 254 nm) to give 1 ,4-b/s-(3-(3-carboxymethylphenyl)-4-(a-D-mannopyranosyloxy)phenyl]butane 
(230 mg) as a white solid, m.p.; 195-197<'C. 'H NMR (400 MHz. OMSO-dg): 7.31-7.39 (m. 6H). 7.20-7.25 (m. 4H), 
7.10-7.15 (m, 4H), 5.25 (s, 2H), 4.88 (br d. J= 4.0 Hz, 2H), 4.76 (br s, 2H), 4.60 (br s, 2H). 4.45 (brt. J= 5.9 Hz. 2H). 
3.55-3.68 (m, 5H), 3.62 (s, 4H), 3.40-3.50 (m, 7H), 2.60 (m, 4H), 1.62 (m, 4H) ppm. IR (KBr): 3333. 3229. 1729. 1224 
cm-'; Found: 61 .30% C, 6.15% H: calc. for C44HsoO,6«0.4 TFA: 61.32% 0. 5.79% H. 

EXAMPLE 4 

N,N'-S/s-[4-(3-(3-carboxymethylphenyl)-4-(a-0-mannopyranosyioxy)phenyl)butan-1-oyl]-4,4'- 
trimethylenedipiperidine 

[0086] Step 1: Succinic anhydride (2.0 g. 19.9 mmol) and aluminum chloride (17.7 g, 132 mmol) were mixed with 
1 ,2-dichloroethane (45 mL) and cooled in an ice bath. The mixture was treated with a solution of 3-(2-(2,3,4,6-tetra- 
0-pivaloyl-a-D-mannopyranosyloxy)phenyl)phenylacetic acid ethyl ester (10.0 g, 13.2 mmol) in dichloroethane (10 
mL) and the mixture was stirred overnight while the bath temperature gradually came to room temperature. The reaction 
was mixed with ice water (100 mL) and stirred for 15 minutes. The organic materials were Isolated, and the aqueous 
portion was extracted with dichloromethane {3x5 mL). The organic materials were combined, dried (MgS04) then 
concentrated under reduced pressure, to give 12 (1 3.5 g) which was used without further purification. IR (NaCI): 1 738, 
1685, 1228 cm '. 

[0087] Step 2: The acid (12) (13.5 g, 19.7 mmol) was dissolved in dichloromethane (65 mL), and treated with boron 
trifluoride etherate (15.3 mL, 122 mmol), then trifluoroacellc acid (9.4 mL, 122 mmol). The mixture was then treated 
with triethylsilane (9.4 mL. 59.1 mmol) and stirred at room temperature overnight. The reaction was mixed with water 
(200 mL) and the organic materials were separated. The aqueous portion was extracted with dichloromethane (3x10 
mL) and the extracts were combined with the original organic portion, dried (MgS04), then concentrated under reduced 
pressure to give 4-(3-(3-carboethoxymethylphenyl)-4-(2.3.4.6-tetra-0-pivaloyl-a-D-mannopyranosyloxy)phenyl)buta- 
noic acid (13) (1 .49 g, 97%) as a clear oil. IR (NaCI): 1737, 1132 cm-'. 

[0088] Step 3: The acid 13 (1 6.0 g, 23.8 mmol) was mixed with thionyl chloride (50 mL) and the mixture was stirred 
at room temperature for 36 hours, then concentrated under reduced pressure to give the acid chloride^ (16.3 g, 99%) 
which was used without further purification. IR (NaCI): 2974, 1797, 1740, 1135 cm-'. 

[0089] Step 4: 4,4'-Trimethylenedipiperidine (0.4 g, 1 .9 mmol) in dichloromethane (5 mL) was added to a solution 
of acid chloride M (2.8 g, 3.26 mmol) in dichloromethane (5 mL) at 0°C. Triethylamine (0.61 mL, 4.4 mmol) and 
4-dimethylaminopyridine (35 mg. 10 mol%) were added and the mixture was stirred at room temperature for 1 hour, 
then mixed with water (20 mL). The organic materials were washed with saturated sodium chloride (20 mL). dried 
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(MgS04) and concentrated under reduced pressure. The residue was purified by flash chromatography (SiQa. 2: 1 ethyl 
acetate : hexane) to give the b/s-amidel5 (1 .1 g, 18%) 'H NMR (400 MHz, CDCI3): 7.40-7 45 (m 4H) 6 98-7 30 (m 
10 H), 5.25-5.42 (m, 6H), 4.09-4.19 (m, 4H), 3.50-3.96 (m, 8H). 2.62-2.69 (m, 4H), 2,28-2 36 (m' 4H)' 1 90-2 02 (m' 
4H), 1.60-1,74 (m,6H), 1 .35-1 .50 (m, 2H), 1.24 (s, 18H). 1.15 (s. 18H), 1.11 (s, 36H), 1 .08-1 .28 (m, 26H) IR (NaCI)' 

5 1739 cm-1. ' \ h 

[0090] Step S: e/s-amide ^5 (1 .0 g. 0.54 mmol) was dissolved in THF (3 mL) and treated with aqueous sodium 
hydroxide (0.40 g, 10 mmol. in 3 mL water). The mixture was stirred at room temperature overnight The THF was 
removed under reduced pressure and the residue was acidified to pH 2 with concen trated hyd rochloric acid and purified 
by reverse-phase HPLC to give N.N'-6/s-[4-(3-(3-carboxymethylphenyl)-4-(a-D-mannopyranosyloxy)phenyl)butan- 

10 1-oyl]-4,4--tnmethylenedipiperidine (17) (30 mg, 5%) as a white solid, m.p.: 119-121°C 'H NMR (400 MHz DMSO- 
dg): 7.32-7.40 (m, 6H), 7.20-7.27 (m, 4H), 7. 10-7. 1 4 (m, 4H), 5.26 (br s, 2H), 4.36 (br d, J= 1 1 Hz, 2H) 4 05 (br s 8H) 
3.77 (brd, J= 11 Hz, 2H), 3.50-3.70 (m, 8H), 3.40-3.52 (m, 5H), 3.31 -3.40 (m. 2H). 2.92 (br t. J= 14 Hz 2H) 2 55-2 62 
(m. 4H), 2.42-2.53 (m. 3H). 2.27-2.34 (m. 4H), 1 .73-1 .82 (m. 4H). 1 .57-1 .67 (m. 4H). 1 .36-1 .47 (m, 2H) 1 22-1 33 (m 
2H). 1.11-1.20 (m. 4H). 0.80-1.02 (m, 4H). IR (KBr): 3415. 1713. 1609 cm"'. MS (FAB): 1150 (M* + Na). Analysis' 

IS calculated for C6,H78N20,e.1.4 TFA: 59.54% C. 6.22% H. 2.18% N. Found: 59.65% C. 6.56% H. 2.23% N. 

EXAMPLE S 



Di-6-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]hexy tether 

[0091] Step 1:Oxalyl chloride (1 .65 mL, 2 M in dichloromethane. 3.30 mmol) was added to anhydrous dichlorometh- 
ane (10 mL) at -78''C. Dimethylsulfoxide (0 56 mL, 7.26 mmol) was added dropwise over several minutes and the 
resulting solution was stirred for 10 minutes. Ethyl 6-hydroxyhexanoate (0.50 mL. 3.07 mmol) was added dropwise 
and after thirty minutes triethylamlne (2.10 mL. 15.1 mmol) was added dropwise. The cooling bath was removed and 
after 15 minutes water (10 mL) was added. The mixture was stirred for 10 minutes, the layers were separated and the 
aqueous layer was extracted with dichloromethane. The organic layers were combined and dried (MgS04) then the 
solvent was removed in vacuo. Silica gel chromatography (2:1 hexanes: ethyl acetate) afforded pure product (0 44 q 
91%). 1H NMR (400 MHz, CDCI3): 9.75 (1 H), 4.10 (2H), 2.45 (2H), 2.30 (2H), 1.65 (4H), 1.24 (3H). 
[0092] Step 2: Triethylsilane (0.89 mL, 5 57 mmol) and tnethylsllyl trifiuoromethanesulfonate (63 mL, 0 28 mmol) 
were dissolved in anhydrous dichloromethane (6 mL) at 0°G and a solution ol 5-carboethoxypentanal (0.44 g, 2.78 
mmol) in dichloromethane (3 mL) was added The cooling bath was removed and the reaction was stirred at room 
temperature for 80 minutes. The solvent was removed in vacuo and the residue was purified by silica gel chromatog- 
raphy (6:1 hexanes : ethyl acetate) to yield the product (0.31 g. 74%). 'H NMR (400 MHz. CDCU) 4 10 (4H) 3 37 
(4H), 2.28 (4H), 160 (8H), 1.36 (4H). 1.24 (6H). 3'- • I J. 

[0093] Step 3: Di 5-carboethoxypentylether (0.16 g. 0.53 mmol) was dissolved in methanol (1 mL) and 1 N sodium 
hydroxide solution ( 1 05 mL, 1 .05 mmol) was added. The resulting solution was stirred at room temperature for 3 hours 
Methanol was removed under reduced pressure and the remaining solution was acidified (cone. HCI) and extracted 
with two portions of diethyl ether The extracts were combined, dried (MgSO^). and concentrated under reduced pres- 
sure. The residue was reconcentrated twice from acetonitrile to give the, product as a white solid (0 16 q 
quantitative). 'H NMR (400 MHz. CDCI3): 3.40 (4H). 2.36 (4H). 1 .60 (8H). 1 .42 (4H). 

[0094] Step 4: Di-5-carboxypentylether (0. 1 5 g. 0.53 mmol) and DMF (1 drop) were dissolved in anhydrous dichlo- 
romethane (2.5 mL) and the resulting solution was cooled to O'C. Oxalyl chloride solution (0.59 mL of 2 M in dichlo- 
romethane, 1.18 mmol) was added slowly. The reaction was stirred at CC for 5 minutes, then the cooling bath was 
removed and stirring was continued for 20 minutes at room temperature. The solution was cooled to O'C and a solution 
of 3-(2-methoxyphenyl)phenylacetic acid ethyl ester (0.29 g, 1.07 mmol) in dichloromethane (1 mL) was added Alu- 
minum chloride was added in three portions (0.17 g, 0.17 g. 0 08 g, total 3,15 mmol) at one minute intewals The 
solution was stirred for five minutes, then poured onto ice and extracted with two portions of ethyl acetate The organic 
layers were combined and washed with water, saturated sodium bicarbonate solution, and saturated sodium chloride 
solution. The resulting solution was dried (MgSO^) and concentrated under reduced pressure. Silica gel chromatog- 
raphy (gradient of 4:1 to 1:1 hexanes : ethyl acetate) gave the product as a yellow oil (0.34 g. 85%) iR NMR (400 
MHz, CDCIg): 7.91 (4H). 7.41 (6H), 7.28 (2H), 6.99 (2H). 4.14 (4H). 3.86 (6H). 3.66 (4H). 3.40 (4H) 2 94 (4H) 2 16 
(4H), 1.75 (4H), 1.59 (4H), 1.43 (4H), 1.26 (6H). Ifn^.^.io 
[0095] Step 5: Di-€-[3-(3-carboethoxymethylphenyl)-4-methoxyphenyl]-6-oxohexylether (0.34 g. 0 45 mmol) was 
dissolved in anhydrous dichloromethane (2.5 mL) and the resulting solution was cooled to O'C. Trifluoroacetic acid 
(0.23 mL, 3.0 mmol) was added, then triethylsilane (0.29 mL, 1 .8 mmol) and boron trifluoride etherate (0 33 mL 2 7 
mmol). The cooling bath was removed and the reaction was stirred for 1h at rt. Dichloromethane was added and the 
resulting mixture was extracted with saturated sodium bicarbonate solution and water The organic layer was dried 
(MgS04) and concentrated under reduced pressure. Silica gel chromatography (6:1 hexane : ethyl acetate) gave the 
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product as a clear oil (0.23 g, 71%). NMR (400 MHz, CDCI3): 7.42 (4H), 7.35 (2H), 7.25 (2H), 7.09 (4H), 6.87 (2H), 
4.16 (4H), 3.77 (6H), 3.65 (4H), 3.37 (4H), 2.57 (4H), 1.57 (10H), 1.35 (8H), 1.25 (6H). 

[0096] Step 6: DI-6-[3-(3-carboethoxymethylphenyl)-4-methoxyphenyl]hexy(ether (0.23 g, 0.32 mmol) was dissolved 
in dry dichloromethane (1 .6 mL) and the solution was cooled toO°C. Boron tribromide solution (1 M in dichloromethane, 

5 1 .40 mL. 1 .40 mmol) was added dropwise and the cooling bath was removed. After twenty minutes the solution was 
again cooled to CC and absolute ethanol (1 mL) was added dropwise. The reaction mixture was then poured onto ice 
and extracted with ethyl acetate. The organic layer was washed with saturated sodium chloride solution and dried 
(MgS04), then concentrated under reduced pressure. Silica gel chromatography (2:1 to 1:1 hexanes : ethyl acetate) 
gave the product (0.11 g. 50%). 'H NMR (400 MHz. CDCI3): 7.42 (8H), 7.04 (4H). 6.88 (2H). 5.14 (2H). 4.16 (4H), 3.67 

10 (4H), 3.38 (4H). 2.57 (4H), 1 .85 (4H), 1 .62 (6H), 1 .40 (6H), 1 .27 (6H) 

[0097] Step 7: 2,3,4.6-Tetra-O-pivaloyl-a-D-mannopyranosyl fluoride (0.52 g, 1.00 mmol) and di-6-[3-(3-car- 
boethoxymethylphenyl)-4-hydroxyphenyl]hexylether (0.23 g, 0.33 mmol) were dissolved in dry dichloromethane (2 mL) 
and the solution was cooled to 0°C. Boron trifluoride etherate (0.38 mL, 3. 1 0 mmol) was added slowly and the reaction 
was stirred tor 90 minutes. The reaction mixture was diluted with ethyl acetate and washed with two portions of water, 

IS then 1 N NaOH, water, and saturated sodium chloride solution The resulting solution was dried (MgS04) and concen- 
trated under reduced pressure. The residue was purified by silica gel chromatography (15:1 hexanes : ethyl acetate) 
to give the product (0.45 g. 82%). ^H NMR (400 MHz. CDCI3): 7.45 (7H). 7.15 (7H), 5.32 (8H), 4.14 (4H), 3.86 (4H), 
3.72 (4H). 3.54 (2H). 3.40 (4H). 2.59 (4H). 1 .85 (4H). 1 .62 (4H). 1 .46 (4H). 1 .36 (4H), 1 .25 (24H). 1.15(1 8H), 1.10 (36H). 
[0098] Step 8: Di-6-[3-(3-carboethoxymethylphenyl)-4-(2,3.4,6-tetra 0-pivaloyl-a-D-mannopyranosyloxy)phenyl] 

20 hexylether (0.45 g, 0.27 mmol) was dissolved in anhydrous tetrahydroluran (0.9 mL) and methanol (1 .8 mL). Sodium 
methoxide (49 mg, 0.84 mmol) was added, and the reaction mixture was stirred at room temperature overnight. Another 
portion of sodium methoxide (50 mg, 0.93 mmol) was added, followed after four hours with a third portion (112 mg, 
2.07 mmol). The reaction was continued for another four hours, then the mixture was filtered and the collected solid 
was washed with a 2:1 mixture of tetrahydrofuran and methanol. The solid was then dissolved in water (1 mL), and 

25 sodium hydroxide solution (1 M) was added until the pH reached 14. This solution was stirred for four hours, then 
neutralized with prewashed Dowex 50 ion exchange resin (H+ form). The resin was filtered away and the filtrate was 
lyophilized. The product was. then dried in vacuo over PjOg to give di-6-[3-(3-carboethoxymethylphenyl)-4-(a-D-man- 
nopyranosyloxy)phenyllhexylether (0.21 g. 78%). ^H NMR (400 MHz, CD3CN/D2O): 7.46 (2H), 7.34 (2H), 7.16 (10H), 
5.31 (2H), 3.79 (2H), 3.66 (2H), 3.57 (4H), 3.42 (5H), 3.28 (2H), 2.56 (4H). 1 .80 (4H), 1.60 (4H), 1.36 (6H). 

30 

EXAWIPLE 6 

S,S-B/s-[3-(3-carboxymethylphenyl)-4-(a-D-mannopyranosyloxy)-3-phenylprop-1-ylJ-1,3-dithiopropane 

3S [0099] Step 1 : Part A: 3-(2-Methoxyphenyl)phenylacetic acid ethyl ester (5.04 g, 1 8 66 mmol) and 3-bromopropionyl 
chloride (1 .88 mL, 18.66 mmol) were mixed with dichloroethane (30 mL). The mixture was cooled in an ice-water bath 
and treated with aluminum chloride (7.6 g, 57 mmol). After 15 minutes the reaction was mixed with ice-water (100 mL), 
and the organic materials were separated. The aqueous portion was extracted with dichloromethane (3x5 mL), and 
the organic materials were combined, dried (MgS04), concentrated under reduced pressure. The residue was used 

40 in the next step without further purification. 

[0100] Part B: The product from part A (6.5 g, 1 9 mmol) was dissolved in dichloromethane (40 mL) and cooled in an 
ice-water bath. Trifluoroacetic acid (5.9 mL, 76 mmol), triethylsilane (6.1 mL, 38 mmol) then boron trifluoride etherate 
(9.4 mL, 76 mmol) were added and the cooling bath was removed. The mixture was stirred at room temperature 
overnight then cooled in an ice bath and quenched with cold water (100 mL). The organic materials were separated, 

ts and the aqueous portion was extracted with dichloromethane (3x10 mL), and the organic materials were combined, 
washed with saturated sodium chloride solution (50 mL). dried (MgS04) and concentrated under reduced pressure to 
provide 3-(2-methoxyphenyl-5-(3-bromopropyl))phenylaceticacid ethyl ester (6.53g, 90%) ^H NMR (400 MHz, CDCI3): 
7.41-7.45 (m, 2H), 7.36 (t, J= 8 Hz, 1H), 7.25-7.28 (m, 1H), 7.12-7.16 (m, 2H), 6.90 (d. J= 8.6 Hz, IH). 4.15 (q, J = 
7.0 Hz, 2H). 3.78 (s. 3H), 3.67 (s, 2H), 3.41 (t. J= 6.6 Hz. 2H). 2.75 (t. J= 7.0 Hz. 2H), 2.15 (m, 2H), 1.26 (t, J= 7.3 

SO Hz, 3H), IR (NaCI): 1736 cm-\ 

[0101] Step 2: A solution of 1,3-propanedithiol (0.109 g. 0.94mmol) in THF (4.5 mL) was degassed under nitrogen, 
and cooled in an ice-water bath. Sodium hydride (86.5 mg, 2.1 mmol) was added and the mixture was stirred at room 
temperature for 2 hours. A solution of the bromide from step 1 (0.83 g. 2.12 mmol) in THF (1.0 mL) was added and 
the mixture was stirred at reflux overnight. The reaction was partitioned between water and ethyl acetate (20 mL of a 

ss 1:1 mixture), and the organic materials were separated, washed with saturated sodium chloride (20 mL) and dried 
(MgS04), then concentrated under reduced pressure. The residue was purilied by flash chromatography (SiOg, gradient 
elution, hexane to 3:1 hexane/ethyl acetate) to give S,S-6/s-[3-(3-carboethoxymethylphenyl)-4-(methoxy)-3-phenyl- 
prop-1-yl]-1,3-dithiopropane (166.2 mg, 24%). 'H NMR (400 MHz, CDCI3): 7.39-7.45 (m. 4H), 7.32-7.38 (m. 2H), 
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7.21-7.28 (m, 2H), 7.08-7.15 (m. 4H), 6.85-6.92 (m, 2H), 4 1 4 (q, J= 7.0 Hz. 4H), 3.77 (s. 6H). 3 65 (s 4H) 2 80-2 95 
(m, 2H), 2.77 (t, J= 7.3 Hz, 2H), 2.68 (t, J= 8.0 Hz, 4H), 2.60 (t, J= 7.0 Hz. 2H). 2.52 (t. J = 7 0 Hz 2H)'2 04-2 16 
(m, 2H), 1.81-1.93 (m, 4H). 1.25 (t, J=7.0Hz, 6H), IR (NaCI): 1731 cm"'. 

[0102] Step 3: A solution of the bis-thioether from step 2 (70.7 mg, 0.1 mmol) in dicfiloromethane (2 mL) was cooled 
in a dry-ice/acetone bath and treated with boron tribromide (0,8 mL of a 1 M solution in dichloromethane 0 8 mmol) 
and the mixture stood at -lO'C overnight. The reaction was mixed with water (10 mL) and the mixture was extracted 
with dichloromethane (3x2 mL). The organic materials were combined, dried (MgS04) and concentrated under reduced 
pressure, to give S,S-b/s-[3-(3-carboethoxymethylphenyl)-4-(hydroxy)-3-phenylprop-1-yl]-l.3-dithlopropane (68 mg, 
100%). 'NMR (400 MHz. CDCI3): 7.43 (t, J= 7.7 Hz. 2H). 7.34-7.39 (m. 4H). 7.30 (brd. J = 7.3 Hz, 2H) 7 03-7 08 (m 
4H), 6.87 (br d, J = 8.8 Hz, 2H), 4.96-5.30 (br s. 2H), 4.1 5 (q. J = 7.0 Hz, 4H). 3 66 (s, 4H), 2.66 (t, J = 7 3 Hz 4H)' 
2.60 (t, J =7.0 Hz. 2H), 2.52 (t, J = 7.0 Hz, 4H), 1 .80-1 .92 (m, 6H). 1 .26 (t, J = 7.3 Hz. 6H), 1.21-1.27 (m 2H) IR 
(NaCI): 3420, 1726 cm V 

[0103] Step 4: The phenol (0 47 g. 0.68 mmol) and a-D-mannose pentaacetate (0.8 g. 2.0 mmol) were mixed with 
dichloroethane (8 mL) and treated with borontrifluoride etherate (1 .0 mL. 8 0 mmol) The reaction was stirred at room 
temperature ovemight. then quenched with water (10 mL). The organic materials were separated, and the aqueous 
portion was extracted with dichloromethane (3x2 mL). The organic materials were combined, dried (MgSO.) then 
concentrated under reduced pressure The residue was purified by flash chromatography (SlOg. gradient elution 3 1 
hexane/ethyl acetate to 1 : 1 hexane/ethyl acetate) to give S,S-6/s-[3-(3-carboethoxymethylphenyl)-4-(2.3.4.6-tetra-0- 
acetyl-a-0-mannopyranosyloxy)-3-phenylprop-1-yl]-i.3-dithiopropane (0.331 g, 36%) IR (NaCI): 1752 cm ^ 
[0104] Step 5: The per-acetate (0 64 g, 0.47 mmol) was dissolved in acetonitrile (5 mL) and treated with a solution 
of sodium hydroxide (5.0 mL of a 2N solution, 10 mmol), then stirred at rt ovemight. The mixture was acidified with 
concentrated hydrochloric acid to pH 2, and the volatiles were removed under reduced pressure. A portion of the 
aqueous residue was purified by reverse-phase chromatography to provide S,S-b/s-[3-(3-carboxymethylphenyl)-4-(a- 
D-mannopyranosyloxy)-3-phenylprop-1-yl]-1,3-dithlopropane as a white solid, m p : ge-lOO'C iH NMf? (400 MHz 
DMSO-de): 7.31-7.39 (m, 6H). 7.20-7.27 (m. 4H), 7.11-7.15 (m. 4H), 5.26 (s. 2H), 3.30-3.75 (m 28H) 2 64 (t J= 7 7 
Hz. 4H), 2.57 (t. J = 7.0 Hz. 4H), 2.45-2.52 (m. 4H). 1.75-1.84 (m. 4H). 1.66-1 74 (m, 2H) IR (KBr): 3430, 1711 cm i. 

EXAMPLE 7 



1,6-S/9-[3.(3-earboxymethylphenyl)-4-{a-D-mannopyranosyloKy)phenyl]-1,6-6/s-oxohexane 

[0105] Step 1 : 3-(2-(2.3.4.6-TetraO-acetyl-a-D-mannopyranosyloxy)phenyl)phenylacetic acid ethyl ester (0 56 g 
0.96 mmol) and adipoyi chtoride (0.068 mL, 0.47 mmol) were dissolved in dichloroethane (5 mL) and cooled in an ice- 
water bath and treated with aluminum chloride (2.56 g. 1 9.2 mmol). After 1 .5 h. the reaction was mixed with ice water 
(25 mL) and stirred for 15 minutes. The organic materials were isolated, and the aqueous portion was extracted with 
dichloromethane (3x2 mL). The organic materials were combined, dried (MgS04). then concentrated under reduced 
pressure. The residue was purified by flash chromatography (Si02, 1 :1 hexane/ethyl acetate), to give 1 6-6«-[3-(3-car- 
boethoxymethylphenyl)-4-(2,3,4,6-tetra-0-acetyl-a D-mannopyranosyloxy)phenylJ-1 ,6-ft;s-oxohexane (0 43 q 
35%). 1HNMR{400MHZ, CDCl3):8.00(d, J=2.2Hz,2H),7.93(dd,J = 8.6,2.2Hz 2H) 7 42-7 48 (m 6H) 7 31-7 35 
(m. 2H), 7.25-7.29 (m, 2H). 5.60 (d. J= 0.2 Hz. 2H). 5.31-5.34 (m. 2H). 5.28 (d. J= 9.1 Hz. 2H). 5.23-5 28 (m 2H) 
4.21 (dd, J= 12.3, 5.1 Hz. 2H). 4.15 (q. J= 7.4 Hz. 4H). 3.98 (dd. J= 12.4. 2.2 Hz. 2H). 3.79-3.85 (m 2H) 3 73 (s' 
4H), 3.00-3.06 (m, 4H). 2.1 7 (s. 6H). 2.03 (s. 6H). 2.01 (s, 6H), 1 .98 (s. 6H). 1 .81 -1 .85 (m. 4H). 1 .26 (t, J= 7 SHz 6H)' 
IR (NaCI): 1747, 1680 cm-1. v- /■ •= n^. on,. 

[0106] Step 2: The per-acetate (0.43 g, 0.33 mmol) was dissolved in acetonitrile (4 mL) and the solution was stirred 
with 2N sodium hydroxide (1 .8 mL. 3.6 mmol) After 18 h at rt. the reaction mixture was neutralized with Dowex SOW 
acid ion exchange resin, and the volatiles were removed under reduced pressure. A portion of the residue was purified 
by reverse-phase HPLC. to give 1 .6-B/s-[3-(3^rboxymethyiphenyl)-4-(a-D-mannopyranosyloxy)phenyll-1 6-6/s-ox- 
ohexane as a white solid, m.p.: 127-129''C. 'H NMR (400 MHz, DMSO^Jg): 7.98 (d J = 8 8 Hz 2H) 7 90 (s 2H) 
7.35-7.48 (m. 8H). 7.27 (d. J= 8.6 Hz, 2H), 5.53 (s, 2H). 3.71 (s. 2H). 3.66 (s, 4H), 3.60 (d J= 11 4 Hz 2H) 3 42-3 51 
(m.6H) 3.28-3^35 (m. 2H). 3.07-3.15 (m. 4H). 1. 67-1. 73 (m. 4H). IR (KBr): 3430. 1716. 1672 cm-'. Analysis: calculated 
for C46H5oO,8*0.6 TFA: 59.10% C, 5.32% H. Found: 58.92% C. 5.68% H. 



1,3,5-rr/s^[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenylmethyl]benzene 

[01 07] Step 1 : 1 ,3,5-Benzenetricart)onyl trichloride (1 .0 g. 3.8 mmol) was dissolved in 1 .2-dichloroethane (20 mL) 
Aluminum chloride (2.6 g. 18.8 mmol) was added, then by 3-(2-methoxyphenyl)phenylacetic acid methyl ester (4.8 g. 
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18.8 mmol) and the mixture was heated at 65°C overnight. After cooling in an ice bath, ice water (20 mL) was added 
slowly. The organic materials were isolated, and the aqueous portion was extracted with methylene chloride (3x5 
mL). The organic materials were combined, dried (MgS04) and concentrated under reduced pressure. The residue 
was purified by flash chromatography (SiOg, gradient elution from hexane to 1:1 / hexane:ethyl acetate) to give the 
5 triketone 33(f=1 ), (1 .05g, 30%) tvlMR (400 MHz, CDCI3): 8.38 (d, J z: 1 .5 Hz, 3H), 7.93 (m, 3H), 7.80-7.83 (m, 3H), 
7.45 (m, 6H), 7.38 (I, J = 7.3 Hz, 3H), 7.21-7.29 (m. 3H). 6.95 (dd. J = 8.76. 1.44 H2, 3H), 3.88 (s, 9H), 3.67 (s, 6H), 
3.66 (s, 9H) ppm. IR (NaCI): 1734, 1654 cm '. 

[0108] Step 2: The triketone 33 (3. 13 g, 3.4 mmol) was dissolved in dichloromethane (16 mL), cooled in an ice bath, 
and treated with triethylsilane (3.8 mL, 23.7 mmol), trifluoroacetic acid (2.6 mL. 33.8 mmol), and boion trifluoride diethyl 

10 etherate (4.3 mL, 33.8 mmol). The mixture was stirred at room temperature for 1 h, then mixed with water (25 mL). 
The organic materials were isolated, and the aqueous portion was extracted with methylene chloride (3x5 mL). The 
organic materials were combined, dried (MgS04) then concentrated under reduced pressure. The residue was flushed 
through silica gel with hexane : ethyl acetate / 3 : 1 , and concentrated to provide 1 .3.5-r/7s-(3-(3-cait)omethoxymeth- 
ylphenyt)-4-(2-methoxy)phenylmethyl]ben2ene (0.88 g, 28%). 'H NIVIR (400 MHz, CDCI3); 7.38-7.43 (m, 6H). 7.33 (t, 

IS J =7.68 Hz, 3H), 7.23 (s, 3H), 7.14 (d, J=2.2H2, 3H), 7.08 (dd, J = 8.08, 1.84 Hz. 3H). 6.90 (s. 3H). 6.85 (d, J =8.4 
Hz, 3H), 3.89 (s, 6H), 3.76 (s, 9H), 3.68 (s, 9H), 3.66 (s, 6H) ppm. IR (NaCI): 1738 cm V 

[0109] Step 3: Part A: 1 ,3,5-rris-[3-(3-carbomethoxymethylphenyl)-4-(2-methoxy)phenylmethyl]ben2ene (0.88 g. 
1 .0 mmol) was dissolved in dichloromethane (5 mL), and chilled in a dty ice / acetone bath. Boron tribromlde (0.7 mL. 
7.0 mmol) was added slowly, and the mixture was stirred at O'C for 2 h, then mixed with ice-water (10 mL). The organic 

20 materials were isolated, and the aqueous portion extracted with methylene chloride (3x5 mL) The organic materials 
were combined, dried (MgS04) then concentrated under reduced pressure to give 0.82 g of the crude product. 
[01 10] Part B: The residue from part A was mixed with methanol (20 mL) and sulfuric acid (1 mL) was added. The 
mixture was heated at reflux overnight, then concentrated under reduced pressure. The residue was mixed with dichlo- 
romethane (20 mL) and saturated sodium bicarbonate solution (10 mL). The organic phase was separated, dried 

25 (MgS04). and concentrated under reduced pressure. The residue was flushed through silica gel with hexane : ethyl 
acetate / 1: 1, and concentrated to provide 1.3.5-fnts-[3-(3-carbomethoxymethylphenyl)-4-(2-hydroxy)phenylmethyl] 
benzene (0.63 g, 75%). 'H NMR (400 MHz, CDCI3): 7.20-7.50 (m. 12H). 7.0 (d. J= 2.2 Hz. 2H). 6.98 (s, 2H), 6.95 (dd, 
J = 8.08, 2.2 Hz. 2H), 6.83 (s, 3H), 6.77 (d, J = 8.44, 3H). 3.85 (s, 6H), 3.69 (s, 9H). 3.66 (s, 6H) ppm. IR (NaCI): 3429. 
1737 cm '. 

30 [0111] Step 4: The triphenol (0.62 g. 0.7 mmol) was dissolved In 1 ,2-dichloroethane (4 mL). a-D-mannose pentaa- 
cetate (1 .4 g. 3.7 mmol) was added, followed by slow addition of boron trifluoride etherate (1 .6 mL. 1 3.3 mmol). The 
mixture was stirred overnight at rt, then mixed with water ( 1 0 mL). The organic material was separated, and the aqueous 
portion was extracted with dichloromethane (3x2 mL). The organic fractions were combined, dried (MgS04), then 
concentrated under reduced pressure. The residue was purified by flash chromatography. (SiO^. gradient elution. hex- 
as ane to 2: 1 / ethyl acetate: hexane) to provide 1.3.5-f/TS-[3-(3-carbomethoxymethylphenyl)-4-(2-(2.3,4.6-tetra:0- 
acetyl)-a-D-mannQpyranosyloxy)phenylmethyl]ben2ene (0.9 g. 67%). 'H NMR (400 MHz. CDCI3): 6.98-7.50 (m, 21 H), 
6.86 (s. 3H), 5.26 (m, 3H), 3.90-3.93 (m, 6H), 3.89 (s. 6H). 3.71 (s. 6H), 3.66 (s, 9H), 1.94-2.13 (m, 36H) ppm. IR 
(NaCI): 1745 cm-'. 

[0112] Step 5: The per-acetate (0.88 g, 0.48 mmol) was dissolved In acetonitrile (2 mL), and treated with lithium 
40 hydroxide monohydrate (0.4 g, 9.6 mmol) in water (2 mL). The mixture was stirred at rt overnight, then acidified to pH 
2 with concetrated hydrochloric acid. The mixture was concentrated under reduced pressure, and the residue purifled 
by HPLC (C-18 reverse-phase, gradient elution 20-80% acetonitrile in water, monitored at 254 nm) to give 1.3.5-f/-fe- 
[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenylmethyllben2ene (0.35 g, 57%) as a white solid, m.p. 
155-158'C. 'H NMR (400 MHz. DMSO-dg): 7.27-7.34 (m. 9H). 7.17-7.22 (m. 9H). 7.08-7.10 (dd. J= 8.44. 1.70 Hz. 
45 3H). 7.01 (s, 3H). 5.24 (s. 3H), 3.85 (s. 6H), 3.33-3.64 (m, 24H) ppm. IR (KBr): 3431, 1710 cm '. Anal.: calc. for 
C69H72O24«1.0 TFA: 60.94%G. 5.26%H. Found: 60.85%C. 5.23%H. 

EXAMPLE 9 

SO 1,3,5- rr/.9-[4-[3-(3-carboxymethylphenyi)-4-(a-D-mannopyranosyloxy)phenyl]-4-oxo-2-thiobutyl]benzene 

[0113] Step 1: 3-(2-(2,3,4.6-Tetra:0-acetyl-a-0-mannopyranosyloxy)phenyl)phenylacetlc acid ethyl (0.32 g, 0.547 
mmol) and bromoacetyl bromide (0.06 mL, 0.689 mmol) were dissolved in dichloroethane (3 mL) and cooled in a dry- 
ice/acetone bath . The mixture was treated with aluminum chloride (1 .45 g. 1 0.9 mmol) and the bath was replaced with 
ss an Ice-water bath. After 15 minutes, the reaction was mixed with ice water (25 mL) and stirred for 15 minutes. The 
organic materials were isolated, and the aqueous portion was extracted with dichloromethane (3x2 mL). The organic 
materials were combined, dried (MgS04) then concentrated under reduced pressure to give 0.387 g of the product 
which was used without further purification. ' NMR (400 MHz. CDCI3): 8.03 (d. J = 2.5 Hz, 1 H), 7.95 (dd, J = 8.8. 2.S 
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Hz, 1H), 7.41-7.47 (m, 3H), 7.35 (m, 1H). 7 31 (d, J = 8.eH2. 1H), 5.62 (d, J = 1 .8 Hz. 1H). 5.21-5.34 (m. 3H), 4 42 (s. 
2H), 4.10-4.25 (m, 5H), 3.99 (dd, J= 12.1, 2,2 Hz, 1H), 3.80-3.85 (m, 1H), 3.74 (s. 2H). 2.18 (s. 3H). 2.03 (s, 3H) 2 02 
(s, 3H), 1.98 (s, 3H). 1.26 (t, J=8.0Hz. 3H). IR (NaCI): 1746, 1220cm-i. 

[0114] Step 2: 1 ,3,5-rr/s-(mercaptomethyl)benzene (102 mg, 0.47 mmol) in THF (1 mL) was treated with sodium 
hydride (59.8 mg, 1.49 mmol) and the mixture was stirred at room temperature for 30 minutes. A solution of the a- 
bromoketone from step 1 (1 .02 g. 1 .44 mmol) in THF (2.0 mL) was added and the mixture was stirred at room temper- 
ature overnight. The reaction was mixed with water (10 mL), and extracted with ethyl acetate (3x5 mL). The organic 
materials were combined, dried (MgS04), and concentrated under reduced pressure. The residue was purified by flash 
chromatography (SiOg, gradient elution. 3:1 hexane/ethyl acetate to 1 :1 hexane/ethyl acetate) to give 1 .3,5-fns-[4-[3- 
(3-carboethoxymethylphenyl)-4-(2,3,4,6-tetra-0-acetyl-o-D-mannopyranosyloxy)phenyl]-4-axo-2-thiobutyl]ben2ene 
(0.59 g, 60%). 'NMR (400 MHz, CDCI3): 7.98 (d, J= 2.5 Hz, 3H), 7.89 (dd, J= 8.8, 2.5 Hz, 3H), 7.40-7.46 (m. 6H). 
7.25-7.35 (m, 12H), 5.61 (s, 3H), 5.22-5.33 (m, 9H), 4.10-4.25 (m, ION), 3.97 (dd. J = 12.1. 2.2 Hz, 3H), 3.78-3 84 (m! 
3H), 3.72 (s, 6H). 3.69 (s, 3H), 3.64 (s, 3H), 2.16 (s, 9H), 2.02 (s, 9H), 2.01 (s, 9H), 1.97 (s, 9H), 1.25 (t J = 8 0 Hz 
9H); IR (NaCI): 1747. 1219 cm-V 

[01151 Step 3: The triester per-acetate from step 2 (0.59 g, 0.28 mmol) in THF (3 mL) was treated with a solution of 
freshly prepared sodium methoxide (93 mg, 4.04 mmol in 3 mL methanol) and the mixture was stirred at room tem- 
perature overnight. The precipitate which had formed was collected by vacuum filtration and washed several times 
with 2:1 THF/methanol, and dried under vacuum to give 0.38 g of a white solid. The solid was dissolved in water (12 
mL). 2N sodium hydroxide was added to pH 14. and the mixture was stirred at rt for 4 h. The reaction was acidified 
with Dowex SOW acidic ion-exchange resin, filtered, and the volatiles were removed under reduced pressure. A portion 
of the aqueous residue was purified by reverse-phase chromatography to give 1 .3,5-fr/s-[4-[3-(3-carboxymethylphe- 
nyl)-4-(a-D-mannopyranosyloxy)phenyl]-4-oxo-2-thiobutyl]benzeneasa white solid, m.p.: 140-143°C <H NMR (400 
MHz, DMSO-de): 7.95 (dd. J= 8.8. 2.5 Hz. 3H). 7.89 (d. J = 2.2 Hz. 3H). 7.32-7.45 (m. 12H). 7.26 (d, J = 7 3 Hz 3H) 
7.16-7.20 (m. 3H). 5.54 (s. 3H). 5.05 (br s. 3H). 4.85 (br s. 3H). 4.70 (br s. 3H). 4.50 (br s. 3H). 3.88-3.92 (m. 6H)'. 
3.58-3.73 (m. 18H). 3.40-3.49 (m. 6H). 3.30-3.40 (m. 6H plus HgO). IR (KBr): 3429. 1708, 1669 cm \ Analysis- calcu- 
lated for C75H78027S3-1 .8 TFA: 55.12%C, 4.79%H. Found: 55.14%C, 5.20%H. 

EXAMPLE 10 

Binding Assays 

[0116] Compounds were assayed for their ability to inhibit the binding of E-. P-. and / or L-selectin to sialyl-Lewisx. 
(01171 The E-selectin binding assays involved assessing the ability of HL60 cells that express sialyl-Lewis" and 
Lewis* to purified E-selectin. P-selectin and L-selectin recombinant proteins (cell-protein assay). A similar binding 
assay utilizing purified glycolipids and purified L-selectin recombinant protein (glycolipid-protein) was used to assess 
L-selectin binding. 

Cell-Protein Assay 

(01 18] E-selectin. P-selectin. and L-selectin were expressed in recombinant soluble forni as fusion proteins possess- 
ing the amino terminal lectin, EGF. and complement regulatory-like repeats (CR) 1 and 2 fused to the hinge and constant 
heavy chain regions 1 and 2 of the mouse IgGg^ cDNA. All selectin fusion cassettes were generated by PGR from the 
E-selectin cDNA purchased from R&D Systems (Minneapolis. MN). and from the P-selectIn and L-selectin cDNAs that 
were PCR cloned from total RNA extracted from human placenta. The mouse IgG cDNA was cloned from PGR amplified 
cDNA generated from RNA extracted from the hybridoma cell line 402C10. All fusion cassettes were expressed from 
baculovirus vectors using the BakPAK method and SF21 cells purchased from Glonetech. 

[01 1 9] Recombinant fusion proteins were purified from baculovirus infected culture supematants by immunoprecip- 
itation using Dynal™ goat anti-mouse IgG coated magnetic beads. Mock beads were generated from uninfected SF21 
culture supernatants. Following immunoprecipitation. beads incubated with mock culture supematants did not bind 
HL60 cells that express sialyl-Lewis" sen/ed as a negative control. Beads incubated from E-. L- or P-selectin culture 
supernatants did bind HL60 cells. 

[0120] HL60 cells (lO^cells) were fluorescently labeled with calcein AMC-3099 (Molecular Probes) in RPMI 1640 
with 10% fetal calf serum (FCS). The magnetic beads (7 fil. 4 x IQS beads/ml) were incubated in duplicate wells of a 
flexible 96 well microliter plate along with 7 jil of compound at various concentrations and 7 jil of calcein -labeled HL60 
cells. The plates were incubated for ten minutes at room temperature. The plate was then placed on a magnetic sep- 
arator and incubated for 2 more minutes. While the assay plate remained on the separator, unbound HL60 cells were 
removed and the wells were washed twice with phosphate buffered saline (PBS) to remove any remaining unbound 
cells. The HL60 cells remaining bound to the beads were inspected by microscopy and then lysed by adding 50 ml of 
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a 1% solution of NP40 in PBS. Binding was quantitated fluorimetrically using a iVIiljipore Cytofluor 2350 fluorimeter. 
Dose response curves and the concentration of compound at wfiichi 50% of tfie cell binding was inhibited (IC50) was 

determined. 

[01 21 1 The compounds referred to in the following Table are those compounds referred to as the particularly preferred 
5 compounds herein. 

[0122] The results of these assays are set forth in the following Table: 



Table of in Vitro Selectin Assay Data 


Compoun 
d 


subst 


E-Selectin IC^q (mM) 
or%inhib./(mM) 


P-Select in IC^q (mlU) or 
%inhib./(mM) 


L-Selectin IC^ (mlW) or 
% inhib./ (mtt/l) 


A-4 


4 


5.0 


2.5 


2.0 


A-5 


5 


0.4 


0.3 


0.3 


A-6 


6 


0.5 


0.07 


0.56 


A-7 


7 


0.5 


0.4 


075 


A-9 


9 


1.0 


1.0 


1.0 


B-m 


m 


0/1 


0.22 


3.0 


B-p 


P 


2.0 


2.0 


3.0 


C 




2.5 


0.7 


0/2 


D 




29/2 


0.5 


5.0 


E 


6 


3.27 


0.54 


1.4 


F 




1.0 


1.0 


3.0 


G 




1.5 


1.0 


0/3 


H 




0.7 


0.2 


0.5 


J 




4.0 


0/3 


2.0 



1. A compound of the formula: 




26 



EP 0 840 606 B1 



wherein X is selected from the group consisting of -CN, -(CHajnCOaH. -(CHajnCONHOH. -0(CH2)„C02H 
-0{CH2)„C0NH0H, -(CH2)„CONHNH2. -(CH2)„COZ. -(CH2)nZ. -CH(C02H)(CH2)„C02H. -(CH2)„0 
(CH2)^C02H, -CONH(CH2)n,C02H, -CH(02)(C02H), -CH(Z)(C02H), -(CH2)nS03H, -(CH2)„P03D,D2 -NH 
(CH2)„C02H, -CONH(CHR3)C02H, (1 -H-tetrazolyl-5-alkyl-), and -OH; 

For divalent structures, Y is -(CH2)r, -C0(CH2)^0-. -(CH2)P(CH2)r. -CO(CH2)P(CH2),CO-, -(CH2)„S(0). 
(CH2),S{0)b(CH2)g-, -CO(CH2)gS(0)b(CH2),S(0)b(CH2)gCO. -(CH2),V(CH2)r. -(CH2)^OVCO(CH2)r,-CO 
(CH2)^OVCO(CH2),CO-, -CO(CH2),V(CH2)^0-.-CONH(CH2),NHCO-. -CO(CH2),W(CH2)pO-. -(CHaj.WSW 
(CH2)r, -(CH2),CONH(CH2)^HCO(CH2)r. -(CH2)^OW(CH2),WCO(CH2)r. or -CH2(CH2),W(CH2),CH2- where V 
IS -N[(CH2)q]2N- and q is independently 2 to 4, and W is aryl or heteroaryl; 

For trivalenl structures, Y is: 




and T is selected from the group consisting of -(CH2)r. -CO(CH2)r, -(CH2)gS(0)b(CH2)r, and -CO(CH2)<,S(Ok 
(CH2>r. where the carbonyl group is positioned contiguous to the biphenyl unit; 

R, and Rj are independently selected from the group consisting of hydrogen, alkyl. halogen -OZ -NO, 
-(CH2)„C02H, -NH2 and -NHZ; 

R3 is selected from the group consisting of hydrogen, alkyl. aralkyi, hydroxyalkyi, aminoalkyi, alkyl carboxyllc 
acid and alkyl carboxamide; 

f is 1 to 16. g is 0 to 6, n is 0 to 6, m is 1 to 6, p is O to 6. b is 0 to 2, 2 is alkyl, aryl or aralkyi, and D, and D2 
are independently hydrogen or alkyl, and the phamnaceutically acceptable salts, esters, amides and prodruas 
thereof. 



A compound of the formula: 
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ail) 

where X is -(CH2)„COOH or 0(CH2)„COOH and Y is -(CH2)„-, -(CH2)„W(CH2)n, -(CH2)nWOW(CH2)„-. 
-(CH2)nS(CH2)„S(CH2)n-. -CO(CH2)„CO-.or -(CH2)nCOW(CH2)nWCO{CH2)n- Where W is aryl or heteroaryl, and 
n is 0 to 6, and the pharmaceutlcally acceptable salts, esters, amides and prodrugs thereof. 

3. A compound of claim 2 where Y is -(CH2)r or-CH2(CH2)(W(CH2)fCH2-- 

4. A compound of claim 2 where X is S-CHgCOgH and Y is-{CH2)f- or -CH2(CH2),W(CH2)fCH2. 

5. A compound selected from: 

1 ,7-b;'s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyllheptane, 

1 .6- B/s-[3-[3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]hexane, 

1 .5- 6/s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)pheny;]pentane, 

1.4- 6/s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]butane, 

N,N'-b<5-[4-(3-(3-cart)oxymethylphenyl)-4-(a-D-mannopyranosyloxy)phenyl)butan-1-oyl]-4,4'-trimethylen- 
edipiperidine, 

S,S'-b«s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)-3-phenylprop-1-yl]-1.3-dithiopropane, 

1.7- 6/s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]-1,7-fc(s-oxoheptane, 

1 .6- b/s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenylJ-1 ,6-ft;s-oxohexane, 

1 .5- b/s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]-1 ,5-6;s-oxopentane, 
l,4-ft/s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]-1,4-ft/s-oxobutane, 
1,3,5-f«s-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenylmethyl]benzene, and 
1,3,5-(ns-[4-[3-(3-carboxymethylphenyl)-4-(a-D-mannopyranosyloxy)phenyl]-4-oxo-2-lhlobuyl]benzene. 

6. 1,6-8«-[3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]hexane. 

7. A pharmaceutical composition comprising a compound as in claim 1 and a pharmaceutically acceptable carrier. 

8. Use of the compound of claim 1 for the manufacture of a medicament for inhibiting the binding of E-selectin. P- 
selectin or L-selectin to sLe" or SLe^. 

9. Use of 1,6-bfs-[3-(3-cart>oxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]hexane for manufacturing a 
medicament for inhibiting the binding of E-selectin. P-selectin or L-seiectin to sLe" or sLe». 



Paten tanspruehe 



1. Verbindung nach folgender Formel: 
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(ID 



worin X gewahit ist aus der Gruppe bestehend aus -CN.-(CH2)„C02H. -(CHajnCOIMHOH. -0(CH2)_C02H 
-0(CH2)„C0NH0H, -(CH2)„CONHNH2. -(CH2)„COZ. -(CH2)„Z, -CH(C02H)(CH2)™C02H. -(CH2LO 
(CH2)„C02H. ^ONH(CH2)„C02H. -CHfOZXCOaH). -CH(Z)(C02H). -(CH2)„S03H. -(CH2)„P03D, D,. -NH 
(CHaj^COaH, -C0NH(CHR3)CO2H. (1-H-Tetrazolyl-5-alkyl-) und OH; 

worin.fOr zweiwertige Strukturen, Y gleich folgendem ist -(CH2)r. -C0(CH2)^0-, -{CHz)P(CHz)r -CO 
(CH2)p(CH2),CO-, -(CH2)gS(0)b(CH2)^(0)b(CH2)g-, -CO(CH2)gS(0)b(CH2)^(0)b(CH2)_CO , (CH2),V(CH2)r. 
-(CH2),COVCO(CH2)r, -CO(CH2)pOVCO(CH2),CO . -CO(CH2),V(CH2),CO-, -CONH(CH2),NHCO-. -CO(CH2),W 
(CH2),CO-, -(CH2),WSW(CH2)r. -(CH2)pONH(CH2),NHCO(CH2)r.-(CH2),COW(CH2),WCO(CH2)r Oder -CH2 
(CH2),W(CH2),CH2-. worin V gleicli -N[(CH2)q]2N- und q unabhangig 2 bis 4 ist, und W gleich Aryl Oder Heteroaryl 
ist; worin, fur dreiwertige Strukturen, Y gleich folgendem ist: 




und worin T ausgewahit ist. aus der Gruppe bestehend aus -(CHajr. -CO{CH2)r. -(CH2)gS(0)b(CH2)r und -CO 
(CH2)gS(0)b(CH2)r. worin die Carbonylgruppe zur Biphenyleinheit benachbart ist; 

worin R, und unabhangig aus der Gruppe gewahit sind, bestehend aus Wasserstoff, AlkyI Halogen -CZ 
-NO2, -(CH2)nC02H, -NH2 und -NHZ; 

worin R3 ausgewahit ist aus der Gruppe bestehend aus Wasserstoff. Alkyl. Aralkyl. HydroxyalkyI, Aminoalkyl. 
Alkytearixmsaure und Alkylcartioxamid; 
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worin f gteich 1 bis 16 ist, g gleich 0 bis 6 1st, n gleich 0 bis 6 ist, m gleich 1 bis 6 ist, p gleich O bis 6 isl. b 
gleich 0 bis 2 ist, Z gleich Alkyl. Aryl Oder AralkyI ist. und worin D, und Dg unabhangig Wasserstoff Oder AlkyI 
sind, und die pliarmazeutlsch vertraglichen Saize, Ester, Amide und Prodrugs davon. 

Eine Verbindung nach (olgender Formel: 




(III) 



vrarin X gleich -COOH. -(CH2)„COOH Oder -0(CH2)nCCX5H ist und Y gleich -(CHa)^-, -(CH2)nW(CH2)n-, 
-(CH2)„WOW(CH2)n-. -(CH2)nS(CH2)nS(CH2)„-, -CO(CH2)nCO-. Oder -(CH2)nCOW(CH2)„WCO(CH2)„- worin W 
gleich Aryl oder Heteroaryl ist, und worin n gleich 0 bis 6 ist. und pharmazeutisch vertragliche SaIze, Ester. Amide 
und Prodrugs davon. 

Eine Verbindung nach Anspruch 2, worin Y gleich -(CH2)r oder -CH2(CH2)fW(CH2)(CH2- ist. 

Eine Verbindung nach Anspruch 2, worin X gleich 3-CH2CO2H und Y gleich -(CHajp oder -CH2(CH2)(W(CH2),CH2 



Ein Verbindung ausgewahit aus folgendem: 

1,7-b/s-[3-(3-Carboxymethylphenyl)-4-(2-a D-mannopyranosyloxy)phenyl)heptan, 

1.6- b/s-[3-(3-Carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]hexan, 

1.5- b/s-[3-(3-CarboxymethyIphenyl)-4-(2-a D-mannopyranosyloxy)phenyl]pentan. 

1.4- 6/s-[3-(3-Carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]butan, 

W,A/'-/jis-[4-(3-(3-Carboxymethylphenyl)-4-(a-D-mannopyranosyloxy)phenyl)butan-1-oyl]-4,4'-trimethylen- 
dipiperidin, 

S,S'-t>;s-[3-(3-Carboxymethy1phenyl)-4-(2-a-D-mannopyranosyloxy)-3-phenylprop-1-yl]-1,3-dithiopropan, 

1.7- b/s-[3-(3-Carboxymethylphenyl)-4-(2-a-0-mannopyranosyloxy)phenylI-1.7-b/s-oxoheptan, 

1.6- b/s-[3-(3-CarboxymGthylphenyl)-4-(2-a-0-mannopyranosyloxy)phenylJ-1,6-b(s-oxohexan, 

1.5- b/s-[3-(3-Carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]-1,5-£>/s-oxopentan, 
l,4-fc/s-[3-(3-Carboxymethylphenyi)-4-(2-a-D-mannopyranosyloxy)phenyl]-1.4-6e-oxobutan, 
1,3,5-«ris-[3-(3-Carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenylmethyl]benzol. und 
1.3.5-fris-[4-[3-(3-Carboxymethylphenyl)-4-(a-D-mannopyranosyloxy)phenyl]-4-oxo-2-thiobutyl]benzol. 

1.6-8«5-[3-(3-Carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyl]hexan. 

Eine pharmazeutische Zusammensetzung umfassend eine Verbindung nach Anspruch 1 und einen pharmazeu- 
tisch vertraglichen Trager. 

Ein Verfahren der Hemmung der Bindung von E-Selectin. P-Selectin oder L-Selectin an sLe'* oder sLe^ umfassend 
die Verabreichung einer wirksamen Menge einer Verbindung nach Anspruch 1 an den Patienten. 
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9. Ein Verfahren der Hemmung der Bindung von E-Selectin. P-Selectin Oder L-Selectin an sLe»< oder sLe« unfassend 
die Verabreichung einer wirksamen Menge von 1 ,6-Bt5-[3-(3-Carboxymethylphenyl)-4-(2-a-0-mannopyranosylo- 
xy)phenyl]hexan an den Patienten. 

Revendications 

1. Compose de (ormule : 




on 

dans laquelle X est choisi parmi I'ensemble conslitue par -CN, -(CH2)nC02H, -(CH2)„CONHOH, -O 
{CH2)„C02H, -0(CH2)„C0NH0H. -(CH2)„CONHNH2, -(CH2)„COZ. -(CH2)nZ. -CH(C02H){CH2)„CO2H. 
-(CH2)„0(CH2)„C02H, -C0NH(CH2)„CO2H. -CH(0Z)(C02H), -CH(Z)(C02H), -(CH2)„S03H, -CH2)nP03D,D2 
-NH(CH2)mC02H. -CONH(CHR3)C02H. (1-H-t6trazolyl-5-alkyl-), et -OH ; 

pour les structures divalentes, Y est -(CH2),. -CO(CH2)(CO-, -(CH2)P(CH2)r. -CO(CH2)P(CH2),CO-, 
-(CH2)gS(0)b(CH2),S(0)b(CH2)g-, -CO(CH2)gS(0)b(CH2),S(0)b(CH2)gCX5-. -(CH2),V(CH2),-. -(CH2),COVCO 
(CH2)r, -CO(CH2)^OVCO(CH2)^0-, -CO(CH2),V(CH2)pO-. -CONH(CH2)^HCO-. -CO(CH2),W(CH2)^-. 
-(CH2),WSW(CH2)r. -(CH2)^ONH(CH2)^HCO(CH2)r. -(CH2)p3W{CH2),WCO(CH2)r. ou -CH2(CH2),W 
(CH2)fCH2- ou V est N[(CH2)ql2N-. q est ind^pendannnfient 2 a 4, et W est aryle ou h6t6roaryle ; 

pour les structures trivalentes, Y est 




et T est choisi parmi Tensemble constitu6 par -(CH2)r. -CO(CH2)r. -(CH2)gS(0)b(CH2)r. et -CO(CH2)gS(0)5 
(CH2)r. o" 'e groupe cartKwiyle est en position adjacente d I'unite biph6nyle ; 
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R, et R2 sont independamment choisis parmi ('ensemble constitue par H, alkyle, halogene -OZ -NOo 
-(CH2)„C02H, -NH2 et -NHZ ; 

R3 est ctioisi parmi Tensemble constitue par H. alkyle. aralkyle. hydroxyalkyle, aminoalkyle, acide alkylcar- 
boxytique et alkylcarboxamide ; 

f est 1 a 16, g est 0 ^ 6, n est 0 a 6, m est 1 a 6, p est 0 a 6. b est 0 a 2, Z est alkyle, aryle ou aralkyle, et 
et D2 sont indSpendamment H ou alkyle. et ses sets, esters, amides, et precurseurs pharmaceutiquement 
acceptables. 

2. Compose de formule : 



dans laquelle X est -CCX3H, -(CH2)„COOH ou -0-CH2)„C00H et Y est (CH,)^-. -(CH2)„W(CH,)„-. 
-(CH2)nWOW(CH2)„-. -(CH2)„S(CH2)„S(CH2)„-. -CO(CH2)„CO-. ou -(CH2)„COW(CH2)„WCO(CH2)„- oil W est 
aryle ou h6t6roaryle, et n est 0 & 6. et ses sels. esters, amides, et pr6curseurs pharmaceutiquement acceptables. 

3. Compose sulvant la revendication 2. dans lequel Y est -(CH2),- ou -CH2{CH2),W(CH2),CH2-. 

4. Compose sulvant la revendication 2. dans lequel X est S-CHgCOaH et Y est -(CHajp ou -CH2(CH2),W(CH2),CH2. 

5. Compost choisi parmi les : 

1,7-b/s-(3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyranosyloxy)phenyl]-heptane, 

1.6- b/s-(3-(3-carboxymethylphenyl)-4-(2-a-D-mannopyranosyloxy)phenyll-hexane. 

1.5- fc(s-[3-(3-carboxym6thylpti6nyl)-4-(2-a-D-mannopyranosyloxy)ph6nyl]-pentane, 

1.4- b;s-[3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyranosyloxy)phenyl]-butane. 

N,N'-b«-[4-(3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyranosyloxy)ph6nyl)-butan-1-oyl]-4.4'-trim6thylfe- 
nedipipSridine, 

S,S'-b«s-[3-(3-carboxym6thylph§nyl)-4-(2-a-D-mannopyranosyloxy)-3.-ph6nyl-prop-1-yll-1.3-dithiopropane. 

1.7- 6/s-[3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyranosyloxy)ph6nyl]-1.7-bls-oxoheptane, 

1.6- <«s-[3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyranosyloxy)ph6nyl]-1.643ls-oxohexane, 

1.5- ft/s-[3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyranosyloxy)phenylJ-1.5-bis-oxopentane, 
1,4-6/s-[3-(3-carboxym6thylphenyl)-4-(2-a-D-mannopyranosyloxy)ph6nyl]-1,4-bis-oxobutane, 
1,3,5-tris-(3-{3-carboxymethylph6nyl)-4-(2-a-D-mannopyranosyloxy)phenylmethyl]benz6ne, et 
1,3,5-tris-(4-[3-(3-carboxymethylphenyl)-4-(a-D-mannopyranosyloxy)ph6nyll-4-oxo-2-thiobutyl]ben26ne. 

6. 1.6-6«s-[3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyranosyloxy)ph6nylJhexane. 

7. Composition pharmaceutique comprenant un compose sulvant la revendication 1 et un vehicule ptiarmaceutique- 
ment acceptable. 

8. Proc6de pour inhiber la liaison de E-s6lectine. P-selectine ou L-s6lectine k sLe« ou sLe^, ledit precede comprenant 
I'administration k un patient d'une quantit6 efficace d'un compos6 suivant la revendication 1 . 

9. Proc6d6 pour inhiber la liaison de E-selectine. P-s6lectine ou L-s6lectine k sLe* ou sLe«. ledit precede comprenant 
I'administration k un patient d'une quantit6 efficace de 1.6-6is-(3-(3-carboxym6thylph6nyl)-4-(2-a-D-mannopyfB- 
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nosyloxy)phenyl|hexane. 
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